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I. — On  Biniodacetic  Acid. 
By  W.  H.  Perkin,  P.C.S.,  and  B.  F.  Duppa,  Esq. 

In  tlie  number  of  ^^  The  Philosopliical  Magazine"  for  July  last 
we  gave  an  account  of  the  formation  and  properties  of  iodacetic 
acid^  which,  it  will  be  remembered^  was  prepared  by  acting  on 
bromacetic  ether  with  an  alcoholic  solution  of  iodide  of  potassium, 
the  result  of  which  action  was  iodocetic  ether.  This,  in  its  turn, 
was  treated  with  baryta  water,  and  the  resulting  barium  salt  de- 
composed by  sulphuric  acid.  Since  then  we  have  discovered  that, 
by  treating  bibrom  acetic  ether  in  a  similar  manner,  biniodacetic 
acid  is  formed.  We  shall  now  proceed  to  describe  the  process  we 
employed  for  the  preparation  of  this  interesting  substance  from 
biniodacetic  ether,  which  will  be  described  hereafter. 

Biniodacetate  of  ethyl  is  decomposed  best  by  shaking  it  up  in  a 
flask  with  a  small  quantity  of  milk  of  lime,  small  additions  of  the 
latter  being  made  continually  until  no  further  smell  of  the  ether 
can  be  perceived,  or  any  burning  sensation  produced  on  the  tongue 
when  a  small  quantity  of  the  liquid  is  applied.  The  mixture  of 
hydrate  of  calcium  and  the  solution  of  the  new  salt  is  placed  on  a 
filter,  and  well  washed — first  with  cold,  and  then  with  hot  water — • 
until  the  liquid,  passing  through,  no  longer  gives  a  precipitate  of 
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iodide  of  silver  when  jxoutly  heated  with  a  drop  of  acid  nitrate. 
The  liquid  eontainiuir  biniodaeotatc  and  hydrate  of  calcium  and 
alcohol  in  solution  is  then  very  gently  evaporated  until  it  just 
betrins  to  ervstallize.  The  object  of  this  is  to  ensure  the  complete 
volatilization  of  the  aleohol  which  was  present,  as  it  interferes 
much  with  the  precipitation  of  the  acid,  anil  has,  moreover,  a 
tendency  to  decompose  it.  Should  any  crystals  exist  in  the 
li(piid,  a  small  quantity  of  water  must  be  added,  to  bring  them  in 
solution.  The  liquid  being  cold,  dilute  hydrochloric  acid  is  added 
(strong  acid  decomposes,  and  also  dissolves  the  acid,  as  it  is 
separated  from  its  calcium  salt) — in  suflicient  quantity  to  liberate 
the  acid,  and  no  more.  This  is  known  by  no  further  turbidity 
beincc  produced  ^yhcn  more  acid  is  added  to  a  drop  on  a  watch- 
irlass.  The  milky  litpiid  is  now  left  at  rest,  when  the  acid  begins 
to  shoot  out  into  a  confused  mass  of  crystals.  At  the  bottom  of 
the  vessel  is  generally  found  a  large  portion  of  the  acid  in  the  form 
of  a  heavy  vcllow  oil,  which,  after  a  time,  concretes  into  a  mass 
of  large,  opaque,  sulphur-yellow  rhombohcdrons.  The  crystals 
arc  repeatedly  washed  with  a  little  cold  w  atcr,  and  dried. 

The  acid,  thus  prepared,  is  a  beautifully  crystalline  sulphur- 
vcllow  substance,  having  a  slightly  acid  and  metallic  after-taste. 
It  does  not  act  on  the  skin  like  the  corresponding  bromine-com- 
pound. It  is  but  slightly  soluble  in  water.  Crystals  of  the  acid 
exposed  to  the  air  slowly  disappear,  being  volatile  at  the  common 
temperature. 

On  opening  a  bottle  containing  crystals  of  the  acid,  a  faint 
smell,  resembling  iodine,  manifests  itself.  Heated  on  platinum 
foil,  it  fuses  partly,  volatilizes,  and  then  turns  black,  evolving 
copions  fumes  of  iodine. 

All  the  salts  of  this  acid  wc  have  yet  examined  arc  slightly 
yellow ;  all  crystalline  and  permanent,  with  the  exception  of 
those  of  potassium  and  sodium,  which  arc  deliquescent. 

Biniodacetate  of  calcium  crj'stallizcs  in  silky  needles  of  a  yellow 
colour  ;  lieated  on  platinum  foil,  it  evolves  iodine. 

Biniodacetate  of  barium  is  a  crystalline  salt,  forming  large 
rhombohrdral  crystals  of  a  pale  yellow  colour,  tolerably  soluble  in 
water,  and  giving  off  iodine  when  heated.  A  combustion  of  a  por- 
tion, dried  in  vacuo  over  sulphuric  acid,  gave  the  following  results  : 

•7173  of  substance  gave 
•lOO.j  of  carbonic  acid  and 
•0388  of  water. 
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These  numbers  agree  with  the  formula, 

Ba,C^(HIo)0^ 
as  may  be  seen  by  tlic  following  table : — 

Theory.  M<?an  of  Kxpcrimcnt. 

/ s 

Carbon       4  equivs.   .         ^100  032  5-85 

Hydrogen  1  „  .  1*00  -20  •57 

Barium       1  „  .  OH-r/J  1807 

Iodine        2  „  .  253-70  G0-8G  — 

Oxygen      4  „  .  320()  8-49  — 


379-35  lOOOO 

Biniodacetate  of  Lead. — This  salt  is  best  prepared  l)y  adding  a 
solution  of  diiodacetate  of  sodium  to  a  solution  of  aeetate  of  lead, 
both  being  largely  diluted.  After  a  few  moments,  the  mix- 
ture becomes  turbid,  and  a  eonsiderablc  quantity  of  a  crystalline 
precipitate  rapidly  forms,  whicli  must  be  avcU  waslicd  with  cold 
water,  in  which  it  is  nearly  insoluble ;  when  dry,  it  is  of  a  pale 
yellow  colour,  and,  seen  under  the  microscope,  is  found  to  consist 
of  minute  prismatic  crystals.     The  foUowin^r  analyses  were  made  - 

I.     '5052  of  substance  gaye 
•1054  of  carbonic  acid,  and 
•0335  of  water. 

II.     -3095  of  substance  gave 

-0774  of  carbonic  acid,   and 
-0200  of  water. 

III.  '3223  of  substance  gave 
•OG75  of  carbonic  acid,  and 
•0148  of  water. 

IV.  -5007  of  substance  gave 
•2035  of  sulphate  of  lead. 

Percentage  composition  : — 

IV 
Carbon     . 
Hydrogen 
Lead         .         .  —  —  —  24-53 

These  numbers  agree  with  the  fonuula, 

as  may  be  seen  from  the  subjoined  table  : — 

B  2 


I. 

II. 

III. 

5-G8 

5-71 

5-71 

•673 

•43 

•51 
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The, 

<T\.             Moan  of  Experiments. 

Carbon       4  cqiiivs. 
Ilydroj^n  1 
Iodine        2 
Oxygen      4 
Lead           1 

.       24- 

1 

.    'J:);v76 

32- 
103-57 

5-79               5-7 
•26                 -57 
61-24                — 

7-72                — 
24-99             24-53 

114-33 


l(X)-00 


Biniodocetate  of  Silver. — This  salt  is  produced  by  adding  a 
neutral  solution  of  nitrate  of  silver  to  one  of  diiodacetatc  of 
sodium.  It  is  best  to  use  dilute  solutions,  as  the  precipitate 
forms  more  slowly  and  more  perfectly  crystallized.  The  precipi- 
tate must  be  well  washed  with  cold  water,  and  dried  in  vacuo.  It 
is  a  yellow  crystalline  powder,  decomposed  when  gently  heated  on 
platinum  foil,  the  decomposition  being  attended  with  a  slight 
explosion,  one  equivalent  of  iodine  being  evolved. 

This  salt,  when  boiled,  readily  splits  up  into  iodide  of  silver  and 
iodoglycolic  acid. 

The  following  silver,  iodine,  and  carbon  and  hydrogen  deter- 
minations were  made  : — 

I.     -4245  of  substance  gave 
•2350  of  iodide  of  silver. 

II.     -8970  of  substance  gave 
'2313  of  iodide  of  silver. 

III.      3350  of  substance  gave 
•3720  of  iodide  of  silver. 

IV.     .4022  of  substance  gave 

•4510  of  iodide  of  silver,  and 
•1363  of  chloride  of  silver. 

V.     '5 130  of  substance  gave 
•1159  of  carbonic  acid,  and 
•0148  of  water. 


Percentage  composition  : — 

T.  n. 

Carbon  .         .        —  — 

Ilvdro^^en  —  — 

Iodine    .  — 

Silver  25-45 


III. 


—  59-98 

25-78  — 


IV. 

V. 

5-82 

•30 

00-57 

— 

25-50 

-^ 
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These  numbers  agree  with  the  formula, 

Ag,C\'Hl2}04 

as  mav  be  seen  from  the  following  table  : — 


Theorr.  Mean  of  )  acuta. 


Carbon       1 
Hydrogen  1 

cquivs. 

210(J 
100 

5-73 
•23 

5-82 
•30 

Iodine        2 

tf 

.     253-76 

00-52 

60-27 

Silver          1 

)t 

.     IC^-DO 

25-78 

25-57 

Oxyoren      4 

yt 

■  ■  -      > 

7-74 

418-7G  1  ^)00 

Biniodacetate  of  Ethyl. — To  prepare  this  substance,  a  distilling 
and  condensing  apparatus,  like  that  used  for  the  preparation  of 
pure  tannin,  is  convenient,  the  iodide  of  potassium  bein«j  placed 
in  the  large  tube,  and  the  bibromacetic  ether,  pre\-iously  mixed 
with  three  times  its  volume  of  alcohol,  in  the  flask.  The  apparatus 
is  then  placed  on  a  water-bath,  and  the  contents  kept  boiling 
until  all  the  iodide  of  potassium  has  dissolved  by  the  constant 
filtration  of  the  alcohol  through  it.  The  iodide  should  be  used  in 
the  proportion  of  two  equivalents  to  one  of  bibromacetic  ether. 
The  flask  is  then  detached,  a  bent  tube  fitted  to  it,  and  the 
contents  distilled  until  all  the  alcohol  has  passed  over,  which  may 
be  known  by  the  liquid  coming  over  turning  milky.  The  flask  is 
then  opened,  and  a  drop  of  the  oily  liquid  at  the  bottom  tested 
with  a  little  ammonia,  which  immediately  converts  it  into  the 
amide,  which,  when  heated  with  a  little  oxide  of  mac_  '  and 

sulphuric  acid,  gives  ofi*  iodine.  Should  the  vapour  not  be  good 
in  colour,  and  the  crystals  soft,  it  is  a  sign  that  some  bibromacetic 
ether  is  still  undecomposed,  and  that  the  digestion  with  alcohol 
must  be  renewed  until  the  test  gives  pure-looking  iodine  vapours. 
The  flask,  when  the  reaction  is  terminated,  is  emptied  of  its 
contents  into  a  test-glass,  and  the  oil  at  the  bottom  taken  up  with 
a  pipette,  and  well  washed  with  water.  A  little  mercurj-  is  then 
shaken  up  with  it,  when  the  dark  colour  of  the  dissolved  iodine 
will  in  a  few  moments  vanish. 

Thus  prepared,  biniodacetic  ether  is  a  yellowish  liquid,  having  a 
pungent  burning  taste,  and  irritating  the  eyes  and  nose  in  a 
powerful  manner.  It  is  insoluble,  or  nearly  so,  in  water ;  am- 
monia rapidly  converts  it  into  biniodacetamide. 

We   have   not    made    an    analysis   of    this   substance,    as  the 
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reactions  we  obtained   wore   so  clearly  detiuite   that  wc  did  not 
consider  it  necei^siiry. 

Biniodact't amide. — As  mentioned  before,  this  substance  is  pro- 
duced when  a  solution  of  ammonia  is  brought  in  contact  with  the 
above-mentioned  etiier.  It  is  a  ditlicultly  soluble  substance,  of  a 
|Mdc  yellow  colour.     The  following  analyses  were  made : 

1       -.MMO  substance  gave 

•  1 788  of  carbonic  acid,  and 
•0503  of  water. 

11.     '3  UX)  of  substance  gave 
•C)*)!).")  of  carbonic  acid,  and 
•03():3  of -water. 

111.     "5303  of  substance  gave 

'3972  of  chloroplatinatc  of  ammonium. 

Percentage  composition  :  — 

1.                  II.  III. 

Carbon       .         .     8-25  7'98  — 

Hydrogen.          .     Ml  118  — 

Nitrogen   .          .       —  —  4*68 

which  agree  with  the  formula, 

C,(Il3l,)X0j, 

.;-  may  be  seen  by  the  subjoined  table  : — 

Theory.  Mean  of  Experiment. 


Carbon       4 

equivs. 

2100 

7  72 

811 

Hydrogen  3 

ft 

300 

•06 

114 

Iodine         2 

ij 

.     253-76 

81-65 

Nitrogen    1 

»» 

UOO 

4-52 

4-68 

Oxvjrcn      2 

>f 

1600 

515 

— 

31076         10000 

Having  cxi>ericncfcd  great  -difficulties  in  making  icxlinc  deter- 
minations, we  beg  to  be  allowed  to  mention  the  method  we 
pursued  in  obtaining  the  numbers  mentioned  in  this  paper. 

After  having  tried  all  the  methods  detailed  in  the  manuals,  it 
occurred  to  us  that  possibly  the  iodine  might  be  eliminated  from 
biniodacetic  acid  by  means  of  nascent  hydrogen.  The  first  object 
to  be  obtained  was  the  perfect  solution  of  a  salt  in  some  liquid 
without  heat.  For  this  purpose  we  selected  the  silver  salt,  mixed 
it  with  water,  and  added  a  few  drops  of  ammonia,  which  imme- 
diately produced  a  clear  solution.     AVe  then  added  metallic  zinc, 
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wlilcli  directly  precipitated  the  silver  in  the  mctullic  form,  ren- 
deriiif^  the  licpiid  yellow  from  a  small  quantity  of  iodide  of  silver 
that  was  formed.  A  few  moments'  stirrin*^  decomposed  this,  and 
the  liquid  became  perfectly  clear.  The  metallic  zinc  and  silver 
were  then  separated  by  means  of  a  filter,  and  rei>eatedly  washed 
with  water,  to  which  a  few  drops  of  ammonia  had  been  added,  to 
keep  oxide  of  zinc  in  solution.  The  solution  was  then  treated 
in  the  ordinary  Mav  with  nitric  acid  and  nitrate  of  silver  for 
[irecipitation  of  the  iodine. 


II. — Description  of  an  hernielicalhj  sealed  Barometer. 

By    Richard    Adie,    Liverpool. 

"When  mounted  on  an  ivorv  scale,  this  instrument  resembles  in 
size  and  portability  a  pocket  thermometer  of  the  medium  or 
larger  class. 

It  is  constructed  from  a  piece  of  thermometer  tube,  in  svhieh,in 
lieu  of  the  spherical  or  cylindrical  bulb  formed  for  a  thermometer, 
a  cistern  is  made  in  the  form  of  the  section  of  a  cylinder,  1*4  inches 
diameter  and  1-lOth  of  an  inch  thick,  varying  these  measures 
according  to  circumstances ;  but  generally  the  bulb  has  nearly 
the  shape  and  dimensions  of  a  half-crown.  On  the  top  of 
the   tube  there   is  an   air   cavity   similar   to    that    used   in    Dr. 


Kutherford's  registering  thermometer. 


A.  The  cistern  containing?  alcohol. 


4/— 


A" 


BB.  The  tube  in  which  the  height  corresponding 

to  the  barometer  is  read.  ae — 

C.  The  top  of  the  alcohol  column. 

D.  The  air-ca'V'ity  for  correcting  for  temperature. 

31  to  27.  The  figures  to  represent  the  height  of  the 
column  C.  with  reference  to  the  mercurial 
column. 

Sul>divisiona  between  each  inch  are  added  so  as 
read  off  to  -02. 
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The  influence  of  change  of  temperature  is  got  rid  of  by  trial 
and  adjustment  of  each  instrument;  so  that  the  expansion  of  the 
air  in  the  upper  cavity  will  counterbalance  the  expansion  of  the 
liquid  in  the  cistern.  Tliis  correction  for  temperature  applies  only 
to  the  condition  of  equal  heating  of  the  instrument  throughout. 
When  it  is  well  done,  an  instrument  is  obtained,  which  is  ex- 
tremely sensitive  to  any  change  of  atmospherical  pressure. 

If  dipped  in  water  at  the  temperature  of  the  air,  the  column  in 
the  tube  immediately  rises  to  show  the  increase  of  pressui-e. 
AA  hen  carried  from  one  story  of  a  house  to  another,  the  change  is 
noticed  as  the  stairs  are  ascended.  In  the  beginning  of  last 
Apiil,  I  put  one  of  the  barometers  in  the  corner  of  the  compart- 
ment of  the  railway  carriage  in  which  I  was  travelling,  from 
Liverpool  to  Edinburgh,  where  it  indicated  regularly  the  extensive 
changes  from  the  sea  level  which  that  line  of  route  contains. 

The  hermetically-sealed  barometer  which  I  have  found  to  work 
-best  is  filled  with  coloured  alcohol;  the  column  in  the  tube 
moving  through  about  1*5  inches  for  every  inch  of  the  mercurial 
barometer. 

Filled  with  mercury,  instalments  corrected  for  temperature 
were  obtained  to  move  through  half  an  inch  for  every  inch  of  the 
barometer ;  but,  in  point  of  mobility,  they  were  much  inferior  to 
alcohol-filled  tubes. 

Filled  with  ether,  an  instrument  corrected  for  temperature 
could  not  be  obtained  in  combination  with  delicacy  of  indication ; 
but  if  the  correction  for  temperatm-e  be  dispensed  with,  and  a 
place  can  be  found  for  the  barometer  where  the  changes  of 
temperature  are  small,  ether,  in  an  hermetically-sealed  tube  of  the 
kind  described,  would  furnish  a  most  minute  measure  of  changes 
in  atmospheric  pressure. 

A  tube  filled  with  water  did  not  act  with  delicacy,  from  the 
want  of  mobility  in  the  fluid. 

In  the  hermetically  sealed  barometer,  the  reading  may  be  much 
disturbed  by  unequal  heating,  when  the  instrument  is  held  in  the 
hand,  or  the  sun  allowed  to  shine  on  a  portion  of  it.  This  can  in 
a  degree  be  prevented  by  the  skill  of  the  observer,  with  the  inter- 
position of  non-conductors,  and  when  carried  by  holding  the 
instrument  suspended  by  a  cord,  rather  than  keeping  it  in  the 
pocket  or  hand.  "When  the  indication  has  been  disturbed  by 
unequal  heating,  it  must  remain  suspended  fifteen  or  twenty 
minutes  before  a  reliable  reading  can  be  made. 
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III. — Action  of  Pentachloride  of  Phosphorus  on  Tartaric  Acid. 
By  W.  H.  Perkin,  F.C.S.  and  B.  F.  Duppa,  Esq. 

In  a  paper  on  malic  acid^  piiblislied  last  April  in  the  Pliilosopliical 
Magazine,  we  mentioned  that  we  were  engaged  witli  the  study  of 
tlie  influence  of  pentacldoride  of  phosphorus  on  Tartaric  acid;  our 
time,  however,  ha\ing  been  much  occupied  by  other  subjects,  we 
have  as  yet  been  unable  to  investigate  the  matter  thoroughly,  but, 
having  obtained  some  peculiar  results,  we  take  this  opportunity  of 
laying  them  before  the  Society. 

On  gently  heating  a  mixture  of  pentachloride  of  phosphorus 
and  tartaric  acid,  hydrochloric  acid  is  evolved  in  abundance,  and  a 
perfectly  liquid  mixture  is  formed  consisting  of  ox^xldoride  of 
phosphorus  and  an  oil.  To  obtain  the  latter  in  quantity  we  have 
found  it  best  to  operate  in  the  following  manner. 

One  part  of  pulverized  tartaric  acid  and  five  or  six  of  penta- 
chloride of  phosphorus  are  mixed  and  introduced  into  a  retort  and 
gradually  heated  until  perfectly  liquid.  The  temperature  is  then 
elevated  and  the  liquid  allowed  to  distil  until  it  reaches  120°;  it  is 
maintained  at  this  point,  and  dry  air  passed  through  the  remaining 
licjuid  for  five  or  ten  minutes,  so  as  to  separate  as  much  of  the 
remaming  oxychloride  of  phosphoiTis  as  possible. 

This  product,  which  is  the  chloride  of  a  diatomic  acid  radical, 
sinks  as  an  oil,  when  thrown  in  water,  and  gradually  dissolves.  It 
also  dissolves  in  alcohol,  formiug  an  ethereal  body.  If  projected 
into  strong  aqueous  ammonia,  a  violent  action  ensues,  chloride  of 
ammonia  and  a  new  crystalline  compound,  very  soluble  in  alcohol 
and  water,  being  produced.  With  phenylamine  this  body 
reacts  most  energetically.  It  decomposes  partially  on  being 
distilled. 

As  mentioned  above,  this  substance  gradually  dissolves  in  water. 
If  a  considerable  quantity  is  mixed  with  water,  it  becomes  warm, 
and,  on  cooling,  deposits  a  white,  slightly  ciystalline  acid.  If 
exposed  to  the  moist  atmosphere  for  a  day  or  two,  it  becomes  a 
white  solid  mass. 

This  acid,  after  being  well  pressed  between  bibulous  paper  and 
recrystallized  from  water,  presents  itself  as  a  white,  almost  amor- 
phous, mass:  but,  when  viewed  under  the  microscope,  appears  as 
small  transparent  needles.    It  is  veiy  soluble  in  water  and  alcohol. 
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has  a  very  aeicl   taste,  melts  when  heatecl,   and   solidifies  into   a 
crystalline  mass  on  coolinsr.     It  is  bibasic. 

Acid  jjotassiifm-sa/t.  This  is  best  obtained  by  taking  a  solntion 
of  the  acid  and  dividing  it  into  two  eqnal  portions,  nentralizing 
one  Avith  carbonate  of  potassinm  and  then  adding  the  other  to  it. 
If  not  too  dihite,  the  new  salt  innnediately  makes  its  appearance 
as  a  crystalline  precipitate,  which,  after  washing  with  cold  water 
and  recrystallizing  once  or  twice,  is  obtained  qnite  pure.  It 
crystallizes  in  plates.  It  is  more  soluble  than  the  acid  tar- 
tarate  of  potassinm.  It  contains  chlorine.  The  following  carbon, 
hydrogen,  chlorine,  and  potassium  determinations  have  been 
made : 

I.  -3290  of  substance  gave 
-3033  of  carbonic  acid,  and 
•0329  of  water. 

II.  -2061  of  substance  gave 
•1567  of  chloride  of  silver. 

III.   -69525  of  substance  gave 

-271  of  chloride  of  potassium. 

Percentage  composition  : — 

Carbon  .  .  .  .25-14 

Hydrogen  .         .         .         .       11 1 

Chlorine  ....     18-82 

Potassium  ....     20*45 

which  agrees  with  the  formula  KH,Ce(HCl)08  as  may  be  seen  from 
the  following  table  :  — 

Theory.  Exp. 


Carbon       8 
Hydrogen  2 
Chlorine     1 

equiv.  . 

.    48 
.      2 
.    35'5 

25-4 

1-05 
18-81 

25-14 
Ml 

18-82 

Pota-ssium  1 

)} 

.    39-2 

20-77 

20-45 

Oxygen       8 

)) 

.    61-0 

33-97 

188-7        100-00 

Tlie  neutral  potassium-salt  is  crystalline,  and  much  more  soluble 
than  the  former. 
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SUver-salt. — On  adding  nitrate  of  silver  to  a  solution  of  cither 
of  the  above  salts,  a  white  preeipitate  is  immediately  formed,  this, 
when  waslied  with  cold  water  and  dried  in  vacuo  over  sulpliuric 
acid  is  fit  for  analysis.  It  is  very  slightly  soluble  in  water.  When 
viewed  under  a  powerful  lens,  it  presents  a  slightly  crystalline 
appearance.  On  being  heated  on  })l;itinuni  foil,  it  decrepitates, 
leaving  a  residue  of  metallic  silver  and  chloride  of  silver.  The 
subjoined  determinations  were  made  : — 

I.  '2055  of  substance  gave 
•210  of  chloride  of  silver. 

II.   '29325  of  substance  gave 

•17375  of  metallic  silver,    and 
•117  of  chloride  of  silver. 

Percentage  composition : — 

I.  II. 

Silver      .         .     595     .         .     59  25 
Chlorine.         .    .         .       9*50 

These  numbers  agree  with  the  formula  Ag2jOQ(HCl)03  as  may 
be  seen  from  the  following  table  :  — 

Theory.  Exp. 


48 

131G 

I 

•27 

35*5 

9-74 

216-0 

59-23 

64-0 

17-00 

Carbon       8  equiv.    . 

Hydrogen  1        „ 

Chlorine     1       „       .         .       35^5  9'74  9-50 

Silver         2       „       .         .     216-0  59-23  59  37 

Oxygen       8 


364-5         100-00 

Lead-salt.  This  salt  is  obtained  by  addiii"^  acetate  of  lead  to  a 
solution  of  the  potassi^im  salt.  It  is  a  crystalline  substance  dif- 
ficultly soluble  in  water. 

From  the  foregoing  it  evidently  appears  that  the  new  acid  has 
the  composition  C8(H3Cl)Og,  and  the  chloride  from  which  it  is 
derived,  the  formula  C8(HC1) 0^,012.  This  acid  in  composition 
represents  raaleic  or  fumaric  acid,  in  which  one  equivalent  of 
hydrogen  is  replaced  by  chlorine;  but,  as  it  is  a  very  soluble  sub- 
stance, it  would  appear  that  if  derived  from  either  of  the  above,  it 
would  be  from  maleic  acid,  therefore  we  give  it  the  provisional 
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name  of  chloromahic  arid.  Wo  hope  shortly  to  be  able  to  replace 
the  chlorine  in  this  acid  bv  hvdrojren,  and  then  to  ascertain 
>vhcthcr  it  mijjht  be  viewed  as  a  derivative  of  maleic  acid  or  not, 
bccanse  this  is  important,  as  it  may  sh()^v  us  the  relation  whieh 
tartaric  aeid  bears  to  nialie. 

The  action  of  pentaehloride  of  phosphorus   may  be  explained 
thus :  — 

C8H,P,a  +   PCI,  =  CslI^O.o   +   rCl.O^   +   2IIC1. 


Tartaric  acid.  Anhyd.  tart.  acid. 

Then— 
^\sH40,o   +    'MX\,  =   C^(liCl)0„Cl2   4-   SrCl.^Oo   +   3IIC1. 

New  chloride. 

This  appears  to  show  that  tartaric  acid  represents  four  molecules 
of  water  and  that  i)art  of  the  hydrogen  and  oxygen  exist  in  the 
same  peculiar  condition  as  in  glycolic  and  lactic  acid. 

The  formula  of  tartaric  acid  appears  to  be      ^    \i^  C  ^s 

We  have  ol)tained  some  very  interesting  substances  by  digesting 
the  bromacetie  ethers  with  sulphocyanidcs,  acetates,  succinates,  &c., 
the  study  of  whieh  we  are  now  engaged  with. 


IV. — On  the  AppVication  of  Elcctroli/sis  to  the  Detection  of  the 
Poisonous  Metals  in  Mixtures  containing  Organic  Matters, 

W\   CU'VKLES   L.    15loxam. 

Every  analvst  is  only  too  well  aware  of  the  difficulties  which 
beset  the  detection  of  the  poisonous  metals  in  mixtures  containing 
orpinie  matters,  such  as  the  contents  of  the  stomach,  the  solids 
and  fluids  of  the  l)ody,  and  articles  of  food. 

The  process  which,  1  believe,  most  chemists  now  generally 
adopt  in  such  eases,  consists  in  disintegrating  and  partly  oxidising 
the  organic  matters,  by  the  aid  of  a  mixture  of  hydrochloric  acid 
and  chlorate  of  potassa,  and  afterwards  precipitating  the  filtered 
solution  by  hydrosulphuric  acid,  the  arsenic  acid  having  been 
previously  reduced  by  means  of  sulplmrous  acid. 

In  most  cases,  the  solution   obtained  by  treating  the  organic 
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matters  with  hytlrocliloric  acid  and  cldoratc  of  potassa  atl'urds  a 
precipitate  on  the  passaj^e  of  liydrosnl[)linric  acid,  whether  any  of 
the  metals  forminj^  insohihlc  suli)liidcs  be  present  or  not  :  thi» 
precipitate  is  generally  of  a  dark  {^rt-yish  brown  colour  ;  is  very 
uifficnlt  to  filter  and  wash  ;  and  interferes  in  a  most  disagreeable 
manner  with  the  application  of  the  tests  for  those  metals  which 
are  precipitable  by  hydrosulphuric  acid  trom  tlieir  acid  solutions. 

It  is  tliereforc  in  the  highest  de«^ree  desirable  to  adopt  some 
more  satisfiictorj'  method  for  separatin}^  the  Tnetnls  of  ihr  hvdrf)- 
sulphuric  acid  group  from  organic  mixtures. 

Two  of  these  metals,  arsenic  and  antimony,  may,  it  is  true,  be 
readily  extracted  in  the  form  of  gaseous  hydrogen  compounds,  by 
Marsh's  process  ;  and  the  objections  to  this  course  have  been  so 
often  commented  on,  that,  when  I  repeat  some  of  the  most  im- 
portant of  them  here,  it  is  only  that  I  may  i)lead  a  fair  excuse  for 
submitting  this  communication  to  the  society. 

The  occasional  presence  of  arsenic  in  the  sulphuric  acid,  and 
of  both  arsenic  and  antimony  in  the  zinc,  has  always  been  a 
serious  objection  to  the  use  of  Marsh's  test;  and  altliough  the 
hydrogen  evolved  at  the  beginning  of  the  experiment  may  be 
carefully  examined  before  introducing  the  suspected  liquid,  the 
operator  always  proceeds  upon  the  assumption  that  the  zinc  is 
perfectly  homogeneous,  and  that  it  is  impossible  for  ai*senic  or 
antimony,  which  had  eluded  detection  in  the  first  portion  of 
hydrogen  evolved,  to  become  apparent  when  the  mass  of  the  zinc 
has  entered  into  solution. 

AVhen  liquids  holding  organic  matters  in  solution  arc  intro- 
duced into  Marsh's  apparatus,  the  frothing  occasioned  by  the 
viscidity  of  the  mixture  often  gives  rise  to  very  serious  inconvc- 
nicncc ;  for  although  it  may  generally  be  checked  by  the  addition 
of  alcohol,  it  sometimes  gets  quite  beyond  the  control  of  the 
operator,  and  the  experiment  is  entirely  lost. 

But  the  most  serious  objection  is  that  the  liquid  which  has  l>ccn 
examined  by  this  method  for  arsenic  and  antimony  cannot  be  ex- 
amined for  any  other  metals,  on  account  of  the  presence  of  so 
large  a  quantity  of  sulphate  of  zinc,  a  consideration  of  very  grave 
importance  in  cases  where  the  quantity  of  the  su^^pected  matter  is 
small. 

The  objections  to  the  convenient  and  delicate  process  of 
Rein  sell  rest  upon  similar  grounds,  and  are  even  more  readily 
admissible. 
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The  detection  of  the  poisonous  metals  by  the  decomposing 
action  of  the  galvanic  current,  is,  I  think,  free  from  these  objec- 
tions, and  so  minute  quantities  of  the  poisonous  metals  may  be 
detected  by  this  metliod  of  testing,  that  it  may  safely  be  relied 
upon  in  most  cases  of  chemico-legal  investigations.* 

The  first  experiments  were  directed  to  ascertain  whether 
minute  quantities  of  the  most  important  poisonous  metals  could 
be  easily  detected,  by  electrolysis,  in  solutions  free  from  organic 
matters. 

Detection  of  Arsenic. 

The  apparatus  which  was  at  first  employed,  consisted  of  an 
ordinary  U-tube,  one  limb  of  which  was  closed  with  a  perforated 
cork  through  which  passed  a  tube  for  the  escape  of  the  hydrogen, 
and  a  platinum  wire  connected  with  the  zinc  extremity  of  a  Grovels 
battery  of  five  cells ;  to  this  wire  was  attached  a  platinum  plate, 
measuring  a1)out  2  inches  by  J  inch,  which  was  thrust  down  almost 
to  the  bottom  of  the  U-tube.  The  other  limb  of  this  tube  was  left 
open  for  the  escape  of  the  oxygen,  and  contained  a  similar  platinum 
plate,  connected  with  the  platinum  extremity  of  the  battery. 

The  tube  which  carried  off  the  livdro^ren  was  connected  with  a 
straight  tube  of  hard  glass  drawn  out  to  a  long  open  point,  and 
heated  to  redness  at  the  shoulder  in  order  that  any  arseniuretted 
hydrogen  might  be  decomposed  in  passing  through  it. 

At  the  commencement  of  each  experiment,  the  U-tube  was 
charged  with  a  fluid  ounce  of  diluted  sulphuric  acid  (containing 
one  measure  of  oil  of  vitriol  and  four  measures  of  water),  and  as 
soon  as  the  closed  limb  had  become  filled  with  hydrogen,  the 
drawn-out  tube  was  heated  with  a  spirit-lamp  for  1 5  minutes  in 
order  to  ascertain  that  no  deposit  of  arsenic  was  obtained  from 
the  sulphuric  acid  alone.  The  solution  to  be  examined  for  arsenic 
was  then  introduced  into  the  closed  limb,  by  withdrawing  tlie 
cork  for  an  instant,  and  the  experiment  continued. 

The  U-tube  was  immersed  in  a  vessel  of  water  to  prevent  the 
temperature  from  rising  too  high  during  the  passage  of  the 
current. 

*  Before  submitting  this  communication  to  the  So(  iety,  the  author  was  not 
aware  of  the  existence  of  M.  Gaultier  de  Claubry's  admirable  paper  upon  this 
method  (J,  Pharm.  [3],  x^-iii,  125;  ahstr.  Chem.  Soc,  Qu.  J.  iii,  162).  This  chemist, 
however,  appears  to  have  relied  upon  the  precipitation  of  the  arsenic,  not  upon  its 
evolution  in  the  form  of  arseniuretted  hydrogen. 
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The  quantity  of  arsenic  employed  for  cacli  experiment  was 
determined  by  carefully  measuring  out  a  standard  solution  of 
arsenious  acid. 

Three  expeiiments  made  with  aqueous  solutions  •jontaining 
TWf  TFo  ^^^^  ToW  g^'^'^i^^^  respectively  (corresponding  to  "070, 
•0076  and  '00076  grain  of  metallic  arsenic),  proved  that  the 
arsenic  could  be  readily  obtained,  as  in  Marsh's  test,  in  the 
form  of  a  brilliant  metallic  crust  in  tJie  narrow  point  of  the  tube, 
about  half  an  inch  beyond  the  heated  portion. 

In  order  to  ascertain  whether  the  presence  of  alcohol  would 
interfere  with  the  action  of  the  test,  in  case  it  might  become 
necessary  to  add  it  in  order  to  prevent  frothing,  an  ounce  of  dilute 
sulphuric  acid  and  a  drachm  of  alcohol  were  introduced  into  the 
apparatus  and  electrolysed  until  the  tubes  were  full  of  hydrogen  ; 
on  heating  the  evolution  tube,  a  fanit  odour  resembling  mercaptan 
was  perceived,  but  there  was  not  the  slightest  deposit.  On  intro- 
ducing -yi-o  gi'^i-  of  arsenious  acid,  a  most  satisfactory  mirror  was 
formed  in  the  tube  in  less  than  five  minutes,  and  a  decidedly 
arsenical  odour,  like  that  of  alkarsin,  proceeded  from  the  extremity 
of  the  evolution  tube. 

In  subsequent  experiments,  as  in  this,  I  found  that  the  presence 
of  alcohol  appeared  to  facilitate  the  production  of  an  arsenical 
crust,  and  that  the  arsenical  odour  afforded  a  valuable  confirmation 
with  respect  to  the  presence  of  arsenic. 

The  method  was  then  tested  as  to  its  applicability  in  cases 
where  the  arsenious  acid  is  mixed  with  large  quantities  of  organic 
matters. 

A  mixture  was  prepared,  containing  about  1  oz.  lean  meat,  1  oz. 
bread,  1-^  oz.  milk  and  ^  oz.  white  of  egg,  beaten  to  a  pretty 
uniform  pulp  in  a  mortar.  To  this  mixture  was  added  an  aqueous 
solution  of  jL-  grain  of  arsenious  acid.  The  whole  was  then 
mixed  with  1  fluid  oz.  of  hydrochloric  acid  and  4  oz.  of  water; 
this  mixture  was  digested  in  the  water- bath  for  15  minutes, 
filtered,  and  the  clear  solution  evaporated  on  tlie  water-bath  to 
S^  fluid  oz.  of  a  dark  brown  viscid  liquid. 

On  introducing  one-fourth  of  this  (=  0*025  grn.  AsO^)  into  the 
decomposing  tube,  it  frothed  up  very  much,  but  was  immediately 
checked  by  the  addition  of  a  drachm  of  alcohol,  and  a  deposit  of 
arsenic  was  almost  immediately  formed  in  the  heated  tube. 

A  repetition  of  the  experiment  gave  a  similar  result,  but  about  1 5 
minutes  were  required  for  the  formation  of  a  good  arsenical  mirror. 
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In  a  third  trial,  one-sixth  of  the  solntion  was  taken  (  =  0017grn. 
ASO3),  with  a  like  result,  the  odour  of  alkarsiu  being  also  very- 
distinct. 

A  fresh  organie  mixture  was  poisoned,  as  before,  with  jL-  grn. 
of  arscnious  acid,  and  treated  in  the  same  manner,  being  finally 
evaporated  to  2  fluid  oz. 

One-tenth  of  this  opaque  brown  liquid  (  =  001  grn.  ASO3)  gave 
a  very  distinct  mirror  in  less  than  5  minutes,  attended  with  a 
strong  arsenical  odour. 

One-hundredth  of  this  liquid  (=  0*001  grn.  AsOy)  also  gave  a 
verv  distinct  mirror  and  odour  in  10  minutes. 

Since  arsenic  is  sometimes  contained  in  organic  mixtures  in  a 
foinn  (e.  g.  that  of  sulphide  of  arsenic)  not  readily  soluble  in  hydro- 
chloric acid,  it  became  necessary  to  ascertain  whether  the  solu- 
tion obtained  by  adding  chlorate  of  potassa  together  with  the  acid, 
would  give  the  indication  of  arsenic  by  this  method  of  testing  :  for 
such  a  solution  would  of  course  contain  the  arsenic  in  the  form 
of  arsenic  acid. 

The  experiments  made  to  determine  this  point  proved  that 
small  quantities  of  arsenious  acid  (^\^  grn.)  could  not  be  detected 
])y  this  test  after  boilinjsr  with  hvdrochloric  acid  and  chlorate  of 
potassa,  unless  the  solution  had  been  digested  with  sulphurous 
acid  in  order  to  reduce  the  arsenic  acid. 

The  behaviour  of  tersulphide  of  arsenic  was  then  examined. 

One-tenth  grn.  of  arsenious  acid  was  precipitated  as  sulphide, 
the  latter  dissolved  in  hydrochloric  acid  and  chlorate  of  potassa, 
and  the  solution  evaporated  on  the  water-bath  till  the  odour  of 
chlorine  was  no  longer  perceptible.  One-half  of  this  liquid 
(=  005  grn.  ASO3)  was  introduced  into  the  decomposing  tube, 
but  no  indication  of  arsenic  was  obtained  in  15  minutes. 

The  other  half  was  saturated  with  sulphurous  acid  gas,  digested 
for  some  time  in  the  water-bath,  and  evaporated  till  the  odour  of 
sulphurous  acid  had  disappeared.  On  subjecting  it  to  the  electro- 
lytic test,  a  distinct  mirror  of  arsenic  was  obtained  in  10  minutes. 

One-tenth  grn.  of  tersulphide  of  arsenic  (=  OOG  grn.  As) 
dissolved  in  diluted  sulphide  of  ammonium  was  added  to  a  mixture 
of  articles  of  food  similar  to  that  previously  used,  with  the  addi- 
tion of  ^  oz.  of  strong  ale. 

The  mixture  was  digested  on  a  water-bath  with  1  oz.  of  hydro- 
chloric acid  and  3  oz.  of  water,  chlorate  of  potassa  being  added  in 
small  quantities  until  a  thin  homogeneous  fluid  was  obtained ;  the 
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filtered  liquid  was  digested  for  half  an  hour  with  a  large  excess 
of  a  saturated  solution  of  sulphurous  acid,  then  evaporated  on  the 
water-bath  to  about  1^  oz. 

One  half  of  this  very  nasty  brown  syrupy  liquid  was  mixed 
uith  a  drachm  of  alcohol  and  introduced  into  the  decomposing 
cell.  The  want  of  mobility  in  the  liquid  somewhat  retarded  the 
evolution  of  gas,  but  in  less  than  15  minutes,  the  arsenical  deposit 
commenced,  and  in  30  minutes,  a  very  beautiful  mirror  was 
obtained. 

In  one  or  two  of  the  experiments  with  organic  mixtures, 
minute  quantities  of  arsenic  had  escaped  detection  without  any 
assignable  cause ;  and  I  was  therefore  led  to  make  some  experi- 
ments to  ascertain  whether  any  influence  was  exerted  by  a  varia- 
tion in  the  amount  of  hydrochloric  acid  present  in  the  solution. 

A  standard  solution  was  prepared  by  dissolving  1  grn.  of 
arsenious  acid,  in  1000  grns.  (by  measure)  of  hydrochloric  acid. 

10  grns.  of  this  solution  (y^  gi-n.  AsOg),  mixed  with  20  grns. 
of  hydrochloric  acid,  gave  a  very  distinct  crystalline  deposit  of 
arsenious  acid  in  the  tube,  but  no  sublimate  of  metallic  arsenic, 
although  a  deposit  of  arsenic  was  formed  upon  the  negative  plate. 
100  grns.  of  the  solution  (jL-  grn.  ASO3)  mixed  with  200  grns.  of 
hydrochloric  acid,  gave  a  similar  result.  50  grns.  of  the  solution 
{■j\  grn.  AsO^),  diluted  with  400  grns.  of  water,  behaved  in  the 
same  way. 

In  these  cases,  the  arseniuretted  hydrogen  appeared  to  have 
been  converted  into  terchloride  of  arsenic,  which  was  decomposed 
by  the  aqueous  vapour  on  passing  the  heated  portion  of  the  tube, 
with  formation  of  arsenious  acid. 

Finding  that,  in  these  experiments,  the  smell  of  chlorine  was 
distinctly  perceptible  at  the  end  of  the  evolution  tube,  and 
believing  that  the  chlorine  disengaged  at  the  positive  plate, 
diffusing  itself  through  the  liquid,  caused  the  decomposition  of  the 
arseniuretted  hydrogen,  I  employed  another  apparatus,  consisting 
of  two  decomposing  ceUs,  separated  by  a  diaphragm  of  vegetable 
parchment. 

In  this  form  of  apparatus,  10  gi'ns.  of  the  solution  of  arsenious 
acid  in  hydrochloric  acid  (=  yi^  grn.  ASO3),  mixed  with  120  grns. 
of  hydrochloric  acid,  and  introduced  into  the  negative  cell  of  the 
apparatus  (the  latter  having  been  charged,  as  usual,  with  a  fluid 
ounce  of  dilute  sulphui'ic  acid),  gave  a  beautiful  mirror  of  arsenic 
in  two  minutes. 

VOL.   XIII.  0 
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A  mixture  of  articles  of  food,  to  which  -pj-^  grn.  of  ai'scuious 
acid  had  been  added,  was  dij^csted  with  a  fluid  ounce  of  hydro- 
chloric acid,  and  three  or  four  ounces  of  water ;  the  filtered  solu- 
tion was  evaporated  down  to  one  ounce  upon  the  water-bath,  and 
one-tenth  of  it  (=  toW  o^"-  ASO3),  was  introduced  into  the 
apparatus  with  ^  drm.  alcoliol.  In  less  tlian  fifteen  minutes,  a 
vers*  distinct  arsenical  mirror  had  been  formed. 

The  apparatus  which  was  ultimately  found  most  suitable  for 
the  detection  of  arsenic  bv  electrolysis,  consisted  of  a  two-ounce 
narrow-mouthed  bottle,  the  bottom  of  which  had  been  cut  off',  and 
replaced  by  a  piece  of  vegetable  parchment  tightly  stretched  over 
it  and  secured  by  a  ligature  of  thin  platinum  wire  (even  \Tilca- 
nised  caoutchone  is  speedily  corroded).  The  bottle  was  furnished 
with  a  cork,  carrying  a  small  tube,  bent  at  right  angles,  and 
connected  with  the  drawn-out  reduction  tube  by  a  caoutchouc 
tube ;  through  this  cork  passed  a  platinum  wire  bent  into  a  hook, 
inside  the  bottle,  for  suspending  the  negative  plate.  The  bottle 
was  placed  in  a  glass  of  such  a  size,  as  to  leave  a  small  interval 
between  the  two,  and  this  glass  was  allowed  to  stand  in  a  large 
vessel  of  cold  water ;  an  ounce  of  dilute  sulphuiic  acid  was 
introduced  into  the  apparatus,  so  as  to  fill  the  bottle  and  the  outer 
space  to  about  the  same  level,  the  positive  plate  being  immersed 
in  the  acid  contained  in  this  outer  space.  When  the  bottle  had 
become  filled  with  hydrogen,  the  shoulder  of  the  reduction  tube 
was  heated  to  redness  during  fifteen  minutes,  to  ascertain  the 
purity  of  the  sulphuric  acid,  and  the  liquid  to  be  tested  was  intro- 
duced into  the  bottle,  by  means  of  a  pipette,  the  cork  being 
removed  for  an  instant;  a  drachm  of  alcohol  was  afterwards 
introduced  by  the  pipette  to  prevent  frothing. 

In  the  following  cases,  the  arsenic  was  most  satisfactorily 
detected  in  this  apparatus,  the  evidence  of  its  presence  being  tliree- 
fold,  and  resting,  firstly,  upon  the  formation  of  the  characteristic 
arsenical  mirror ;  secondly,  upon  that  of  a  small  shining  ring  of 
crj'stalline  arsenious  acid,  slightly  in  advance  of  the  mirror ;  and 
thirdly,  upon  the  development  of  the  peculiar  alliaceous  odour. 
iTiVo  ^^^'  arsenious  acid  in  hydrochloric  solution. 
1 0060  "  ij  aqueous  solution. 

lio"  a  dissolved  in  120  grns.  hydrochloric  acid. 

TTHT  a  >)  ^  *^'^  )i  )i 

I009  a  n  l^U  ,,  „ 

and  21:0  grns.  water. 
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These  experiments  were  repeated  with  the  same  results. 

Experiments  were  tlien  made  ui)ou  organic  mixtures  containing 
arsenic,  which  were  boik'd  with  liydrochloric  acid  and  chlorate  of 
potassa,  the  arsenic  acid  being  afterwards  reduced  to  the  arsenious, 
by  digesting  witli  sulphurous  acid,  or  better  with  a  few  drops  of  a 
strong  solution  of  bisulphite  of  soda. 

By  this  process,  -pL.  grn.,  and  even  y^.Vi^  grn.  of  arsenious 
acid,  could  be  detected  in  an  organic  mixture  witli  the  greatest 
ease  and  certainty. 

If  the  sulphurous  acid  be  not  entirely  expelled  after  the  reduc- 
tion, a  little  tersulpliide  of  arsenic  is  deposited  in  advance  of  the 
metallic  crust. 

The  following  process  appeared  to  me  the  most  trustworthy, 
for  the  detection  of  minute  quantities  of  arsenic  in  articles  of  food. 
The  solid  matters  are  reduced  to  a  pretty  fine  state  of  division, 
mixed  with  enough  water  to  form  a  thick  gruel,  and  digested,  in  a 
a  dish  placed  on  a  water-bath,  with  about  ~  oz.  of  hydrochloric 
acid,  for  an  hour,  powdered  chlorate  of  potassa  being  occasionally 
added,  as  directed  by  Fresenius  and  von  Babo,  until  the  organic 
matters  are  disintegi'ated,  when  the  liquid  is  filtered  off,  and 
evaporated  to  about  an  ounce  upon  the  water-bath.  The  brown 
fluid  thus  obtained,  is  poured  into  a  flask,  and  a  few  drops  of  a 
strong  solution  of  Ijisulphite  of  soda  arc  added  to  it,  until  it  smells 
strongly  of  sulphurous  acid ;  the  flask  is  then  heated  in  a  water- 
bath,  until  this  odour  has  disappeared,  when  the  solution  is  mixed 
with  at  least  an  equal  volume  of  water,  and  introduced  into  the 
apparatus  arranged  and  charged  as  above,  a  little  alcohol  being 
poured  upon  the  top.  The  operation  should  be  continued 
for  half  an  hour  before  the  absence  of  arsenic  is  inferred. 

The  advantages  which  appear  to  me  to  belong  to  this  mode 
of  testing,  are,  that  it  involves  the  use  of  a  metal  which  has  never 
been  known  to  contain  ai'senic;  that  the  very  same  jKjrtion  of 
sulphuric  acid  which  is  employed  throughout  may  be  subjected 
to  the  test  for  any  length  of  time,  before  the  suspected  liquid  is 
introduced  ;  that  the  evolution  of  gas  is  uniform  throughout  the 
experiment,  and  is  always  so  slow,  that  no  dread  of  losing  the 
arsenic  need  assail  the  mind  of  the  operator ;  that  the  experiment 
may  be  interrupted  for  any  length  of  time,  by  breaking  the 
contact  with  the  battery,  without  the  least  injurj^;  that  the  foulest 
liquids  can  be  as  readily  tested  as  those  which  arc  perfectly  clear ; 

c  2 
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and  that  the  same  portion  may  aftcr^yards  be  further  tested  by  any 
other  process. 

The  importance  of  this  Last  consideration  was  fully  exemplified 
in  some  of  the  early  failures,  before  I  was  well  acquainted  with 
the  test,  for  I  always  succeeded  in  detecting  the  arsenic  in  the 
same  portion  of  the  liquid  by  Marsh's  test. 

It  is  evident,  moreover,  that  this  operation  enables  us  to  detect 
minute  quantities  of  copper,  antimony,  mercury  and  bismuth,  if 
tliey  be  present  in  the  solution. 

On  considering  the  detection  of  the  other  poisonous  metals  in 
this  way,  it  is  obvious  that  lead  must  be  altogether  excepted, 
on  account  of  the  insolubility  of  its  sulphate.  Silver  must  also 
be  omitted,  where  hydrochloric  acid  is  the  solvent ;  and  baryta, 
of  course,  would  not  be  expected  to  answer.  The  remaining 
important  poisonous  metals,  antimony,  copper,  mercury,  bismuth 
and  zinc,  were  therefore  tried,  bismuth  being  included,  on  account 
of  the  medicinal  use  of  its  compounds. 

Detection  of  Antimony. 

1  grn.  of  tartar-emetic  (=  0*36  grn.  Sb)  dissolved  in  water, 
was  introduced  into  the  decomposing  cell.  A  mirror  of  antimony 
was  formed,  just  at  each  margin  of  the  flame  which  heated  the 
reduction  tube,  and  a  copious  deposit  of  antimony  was  formed 
on  the  negative  plate. 

-Jg-  grn.  of  tartar-emetic  (=  0*036  grn.  Sb),  gave  only  a  slight 
white  incrustation,  and  no  mirror,  in  the  reduction  tube.  The 
black  deposit  of  antimony  on  the  negative  plate  was  dissolved  by 
heating  the  latter  with  a  few  drops  of  yellow  sulphide  of  ammo- 
nium ;  on  decomposing  this  solution  with  acetic  acid,  a  very 
distinct  orange  precipitate  of  tersulphide  of  antimony  was 
obtained.  A  mixture  of  articles  of  food  was  mixed  with  y\j  grn.  of 
tartar-emetic,  and  treated  exactly  according  to  the  process  above 
described  for  the  detection  of  arsenic.  There  was  no  appearance 
of  a  metallic  deposit  in  the  reduction  tube  in  twenty  minutes ; 
but  there  was  a  thick  coating  of  antimony  upon  the  negative 
plate,  which  was  dissolved  by  yellow  sulphide  of  ammonium.  A 
portion  of  this  solution,  when  evaporated  in  a  w^atch-glass  on  the 
water-bath,  left  a  residue  having  a   decided  orange  colour. 

A  second  and  even  a  third  coating  of  antimony  was  obtained, 
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by  again  immersing  the  plate  for  a  few  minutes,  and  when  tlie 
film  was  very  slight,  it  was  at  once  identified  ])y  the  oranjre  stain 
produeed,  when  a  drop  of  sulphide  of  aninioniuni  was  evaporated 
upon  it. 

The  result  of  the  two  last  experiments,  whieh  was  fully  con- 
firmed in  all  subsequent  trials,  is  a  very  important  one,  as  showing 
that  minute  quantities  of  antimony  are  not  nearly  so  likely  to  Ije 
mistaken,  even  for  a  time,  for  arsenic,  in  the  electrolytic,  as  in 
Marsh's  test,  and  this  seems  attributable  to  the  superior  electro- 
positive tendency  of  antimony,  which  disposes  it  to  precipitate 
more  readily  upon  the  negative  plate.  In  no  case  have  1  failed 
to  detect  antimony  in  this  way. 

The  following  mode  of  proceeding  may  be  recommended  for  the 
detection  of  the  poisonous  metals  by  electrolysis  : — 

The  mixture,  which  may,  of  course,  have  been  previously 
examined  for  organic  poisons,  by  the  usual  methods,  is  digested, 
on  a  water-bath,  with  so  much  water,  hydrochloric  acid,  and 
chlorate  of  potassa,  as  may  be  required  to  disintegrate  the  solid 
portions,  and  to  render  the  liquid  capable  of  filtration  ;  the  filtrate 
is  evaporated  on  the  water-bath  to  a  small  bulk,  and  digested  in  a 
flask  with  a  sufficient  quantity  of  solution  of  bisulphite  of  soda  to 
impart  a  strong  odour  of  sulphurous  acid.  The  solution  is  heated 
in  the  water-bath  until  the  odour  has  disappeared,  and  is  once 
more  concentrated,  if  necessary,  by  evaporation.  It  is  then  diluted 
with  a  volume  of  water,  equal  to  at  least  twice  that  of  the  hydro- 
chloric acid  present,  and  introduced  into  the  decomposing  cell, 
enough  alcohol  being  poured  upon  it  to  prevent  any  inconvenient 
frothing.  The  passage  of  the  current  having  been  continued  for 
about  an  hour,  the  negative  plate  is  withdrawn,  washed,  and  boiled 
in  somewhat  dilute  yellow  sulphide  of  ammonium  for  a  minute  or 
two.  This  solution  is  then  evaporated  in  a  watch-glass,  placed  on 
the  water-bath,  and  the  orange  residue  of  sulphide  of  antimony 
identified  by  the  usual  tests.  The  platinum  plate  having  been 
again  washed,  is  boiled  in  a  few  drops  of  concentrated  nitric  acid, 
to  which  a  drop  of  dilute  hydrochloric  acid  should  be  added,  to 
dissolve  the  sulphide  of  mercury.  The  acid  solution  is  boiled 
down  in  the  test  tube  to  a  small  bulk,  and  mixed  ^ith  an  excess 
of  ammonia,  when  the  presence  of  copper  will  be  rendered  evident, 
and  the  teroxide  of  bismuth  will  be  precipitated,  together  with  a 
little    ammonio- chloride    of    platinum.      This    precipitate    when 
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dissolved  in  liydroohloric  acid,  cva]iomtc(l,  and  lari^cly  diluted, 
will  present  the  indication  of  bismutli.  The  tiltored  ammouiacal 
liquid,  acidulated  with  hydrochloric  arid,  and  boiled  with  clean 
coj)i>er,  atFords  the  usual  evidence  of  the  i)resence  of  mercury. 

Of  the  metals  above  mentioned,  nu^reury  was  found  to  be  the 
onlv  one  which  interferes  with  the  detection  of  arsenic. 

If  this  metal  be  detected,  the  liquid  taken  from  tlic  decomposing 
cell  (or  a  fresh  portion  of  the  oriijinal  hydrochloric  solution),  nuiy 
be  distilled,  according  to  Dr.  Odling's  reconimcndation,  iu  order  to 
separate  the  arsenic  from  the  mercury. 

The  residue  may  still,  if  the  analyst  deem  it  expedient,  be 
further  dealt  with  by  iuciueration  or  otherwise,  for  the  detection 
of  other  metals. 


V. — On  the  Composition  of  Air  from  Mont  Blanc. 
By  Du.  E.  Frank  LAX  I),  F.K.S. 

The  greatly  increased  perfection  of  gasomctric  analysis  and  the 
numerous  minute  investigations  made  by  llegnault,  Bunsen 
and  others  dui-ing  the  past  ten  or  fifteen  years,  have  rendered  our 
knowledge  of  the  composition  of  atmospheric  air  exceedingly 
complete,  as  far  at  least  as  its  two  chief  constituents  are  concerned. 
The  earliest  analyses  of  air  led  chemists  to  believe  that  the  rela- 
tive proportions  of  these  constituents  were  liable  to  very  consider- 
able fluctuations.  As  the  processes  emi)loycd,  however,  became 
more  accurate,  these  discrepancies  gradually  disappeared;  until,  at 
length,  carefully  conducted  exi>eriments  showed  an  apjjarent  uni- 
formity in  the  comj>osition  of  samples  of  air  taken  from  the  most 
widely  diflerent  localities ;  but  it  remained  for  subsequent  and  far 
more  delicate  methods  of  research  to  demonstrate  that,  notwith- 
standing these  apparently  accordant  results,  the  composition  of  the 
atmosphere  does  in  reality  exhibit  certain  fluctuations,  confined, 
however,  within  very  narrow  limits. 

The  first  series  of  experiments  belonging  to  the  latter  category, 
and  which  may  be  said  to  have  first  established  the  varia))ility  of 
the  percentage  of  atmospheric  oxygeii,  are  those  of  Bunsen,  made 
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upon  samples  of  air  collected  at  Marburjjc  on  ten  dilTercnt  days, 
and  exhibiting,  when  freed  from  carboni('  acid,  a  percentage  of 
oxygen  varying  from  iiO'J73  to  XM)H  W),  whilst  no  two  aimlyses 
of  \he  siime  sample  differed  more  tlian  •031  per  cent,  from  caeli 
other. 

Then  followed  a  most  elaborate  series  of  determinations  bv 
Kegnault,  begun  in  Deeemljer,  1817,  u])on  tlie  air  of  Paris,  and 
continued  in  January,  1818.  The  variations  in  the  percentage 
of  oxygen  here  observed  were,  in  December,  1817,  from  JiUDO  to 
21-0(),  and  in  January,  1818,  from  20'8<J  to  ;20-'Jl). 

Lcwy  collected  air  near  the  surface  of  the  sea,  on  the  18th 
December,  1817,  at  3  p.m.,  in  lat.  21"^  9'  N.  and  long.  12''  52'  W. 
of  Paris,  temperature  21°C.  and  found  it  to  contain  : — 

Nitrogen       .         .         .     78880 
Oxygen         .  .  .     21-000 

Carbonic  Acid  .         •05'i 


100-000 


Another  specimen   collected  December    1th,  18-17,  at  3  a.m.  in 
lat.  47^'  N.  and  long.  13°  W.,  temperature  13°  C.  contained  : — 


Nitrogen      .         .         .     79006 
Oxygen         .  .  .     20-001 

Carljonic  Acid       .         .         -033 


100-000 


A  large  numljcr  of  analyses  by  the  same  chemist  demonstrate 
that  the  air  near  the  surface  of  the  sea  contains  about  the  f?amc 
proportion  of  car))onic  acid  as  that  resting  upon  the  land,  and 
that  the  sea  air  is  richer,  both  in  oxygen  and  carbonic  acid 
by  day  than  by  night ;  a  fact  which  he  explains  by  assuming 
that  dissolved  air  is  liberated  during  the  day  from  the  heated 
snrfacc-layer  of  the  ocean,  such  dissolved  air  being,  as  is  well- 
known,  much  richer  than  atmospheric  air  in  the  two  gases 
just  named.  Lew'y  also  made  a  very  extended  series  of  analyses 
of  air  collected  at  New  (Jranada  and  (Bogota,  during  the  dry  and 
rainv  seasons.  The  mean  of  eleven  analyses  of  air  from  New 
Granada  gave : — 
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Nitrojrcu  .  .  .  78-916 
Oxygcu  .  .  .  21011 
Cnrhonic  Acid       .  .         •()  10 


100000 


Analyses  of  air  from  Bos^ota  collected  during  the  dry  and  rainy 
seasons  gave  the  following  mean  nnmljcrs  : — 

Dr}'  Season.  Eainy  Season. 

Nitrogen        .         .     78-032  78-966 

Oxygen.         .         .     21-022  20996 

Carbonic  Acid         .         -016  -038 


100000  100-000 

On  some  occasions,  the  air  of  New  Grenada  was  found  to  eon- 
tain  as  much  as  0-49  per  cent,  of  carbonic  acid,  on  which  occasions 
the  percentage  of  oxygen  fell  as  low  as  20-331.  This  abnormal 
composition  is  ascribed  to  volcanic  eruptions  and  extensive  confla- 
grations. In  nearly  all  cases,  Lewy  seems  to  have  found  that  an 
increased  amount  of  carbonic  acid  in  the  air  was  accompanied  by 
an  increase  in  the  percentage  of  oxygen. 

Messrs.  H.  and  A.  Schlagintweit  determined,  by  weighing, 
the  amount  of  carbonic  acid  in  the  air  at  great  elevations  in  the 
Eastern  Alps  by  absorption  with  potash ;  but  as  the  increase  in 
weight  of  the  potash  apparatus  was  only  from  3  to  6  milligrammes 
in  each  experiment,  and  as  the  two  weighings  were  made  at 
intervals  of  nearly  two  months,  these  determinations  can  only  be 
rcL^arded  as  approximative.  ^Messrs.  Schlagintweit  found  the 
volume  of  carbonic  acid  to  vary  from  '032  to  '058  per  cent.  Up 
to  an  altitude  of  11,013  feet,  they  found  a  gradual  increase  of 
carbonic  acid,  but  at  this  elevation  they  conceived  that  a  constant 
maximum  was  arrived  at.  In  some  later  experiments  on  the  air 
of  Monte  Rosa,  at  heights  varying  from  13,371  to  13,858  feet, 
the  same  experimenters  found  a  mean  percentage  of  carbonic  acid 
equal  to  '079  vid  a  maximum  of  '095. 

In  the  year  18.52,  M.  llegnault  published  an  extensive  series 
of  determinations  of  the  percentage  of  oxygen  in.  samples  of  air, 
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deprived  of  carbonic  acid,  from  different  loealitics.     Tlie  following 
is  a  condensed  summary  of  his  results  : 

PcrccnUge  of  Oxygen. 
100  specimens  from  Paris  and   neighbourhood 

(IS  18.         .         .         .  20-91. '5         20-99'J 
9         „             „     Lyons,  Montpellier  &  St. 

Martin-aux-Arbres       .  20-1)18         2O-90G 

Berlin  (1818  &  1819)       .  20908         20998 

:Madrid  (1818)         .          .  20-910         20982 
Geneva,  ^lont  Salevc  and 

Mont  15uet .         .         .  20909         20-993 
Toulon,    the    ^Mediterra- 

nean  and  Algiers           .  20-912         20-982 
taken    during    a    voyage    from 

Liverpool  to  Vera-Cruz          .  20918         20-9G5 
from  Guallalamba,  South  Ame- 
rica    ....  20-9G0 
the  summit  of  Pichineha 

(15,924  feet)        .         .  20-919         20-988 
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In  this  investigation,  a  few  remarkable  deviations  from  these 
normal  amounts  of  oxv^ircn  -were  observed,  viz. : — 

Percentage  of  Oxygen. 
Air  collected  in  the  Harbour  of  Algiers,  June 

5th,  1851 20- 12         20-395 

Air  from  Bay  of  Bengal,  February  1st,  1819     .     20- IG         20'45 
Air  from  Ganges,  ^lareh  8th,  1819.     Tempera- 
ture 35^  C,  foggy  weather,  much  decomi)os- 
ing   organic    matter   in   the   water.      Com- 
mencement of  an  outbreak  of  cholera  .         .     20390       20-387 


It  would  be  interesting  to  know  how  far  these  results  were  really 
abnormal,  as  regards  the  relative  proportions  of  oxygen  and  nitro- 
gen, since  it  is  not  improbable  that  the  apparently  small  per- 
centage of  oxygen  indicated,  was  in  reality  due  to  the  presence  of 
gaseous  organic  matters  in  larger  quantity  than  usual  ;  the 
ignition  of  these  with  excess  of  hydrogen,  in  the  mode  adopted  in 
these  analyses  would  have  the  effect  of  converting  the  carbon  of 
such  organic  matters  iuto  carbonic  oxide,  thus  diminishing  the 
contraction  of  volume  on  explosion  and  consequently  the  apparent 
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j)crccntaire  of  oxviren.  Should  such  abuoruuil  spccimcus  of  air  be 
again  encountered,  it  would  be  desirable,  subseciuently  to  the 
aualysis  made  in  tlie  usual  manner,  to  ignite  other  portions  of 
tlicm  witli  an  equal  volume  of  mixed  electrolytic  gases,  so  as  to 
convert  the  carbon  of  any  organic  matter  tluit  might  be  present 
into  carbonic  acid  wliieh  could  then  be  estimated  in  the  usual 
manner  by  absorption  with  potash. 

Dr.  ]^Iiller  examined  air  collected  during  a  balloon  ascent  in 
August,  1852,  at  a  height  of  18,000  feet,  and  also  a  sample 
collected  near  the  surface  of  the  earth  at  the  same  time,  with  the 
following  results : 


Air  from  altitude 

Air  near  the 

of  lfe,000  feet. 

earth. 

.     20-88 

20-9.2 

Percentage  of  Oxygen  . 

Alter  these  numerous  and  minute  analyses,  establishing  as  they 
do,  with  few  exceptions,  the  slight,  but  still  undoubted,  variations 
in  the  relative  proportions  of  the  two  chief  atmospheric  gases,  any 
further  contributions  to  this  particular  branch  of  our  knowledge 
can  only  be  of  comparatively  small  value.  Nevertheless,  as  an 
apportunity  was  afforded  me  for  collecting  specimens  of  air  whilst 
accompanying  Dr.  Tyndall,  during  the  past  summer,  in  his  ascent 
of  Mont  Blanc  for  the  establishment  of  thermometric  stations,  I 
did  not  regard  a  few  further  expeiiments  upon  air  from  great 
altitudes  as  entirely  superfluous ;  since  the  discovery  of  the  causes 
determining  the  variations  in  the  composition  of  the  atmosphere  will 
probably  only  be  arrived  at  by  the  accumulation  of  vast  numbers 
of  observations  made  at  various  points  at  and  above  the  earth's 
surface.  It  will  also  be  perceived,  on  reference  to  the  various 
analytical  results  above  given,  that,  with  the  exception  of 
!M.  Lewy,  no  experimenter  has  made  contemporaneous  determi- 
nations of  the  three  chief  gaseous  constituents  of  the  air;  and  I 
was  therefore  anxious,  if  possible,  to  render  these  samples  avail- 
able for  the  determination  of  carbonic  acid,  as  well  as  of  the  two 
other  chief  gases. 

The  very  minute  changes  of  volume,  which  the  instrument  I 
use  for  gaseous  analysis  is  caj)able  of  registering,  led  mc  to  hope 
that  it  might  not  be  impossible  to  make  direct  determinations  of 
carbonic  acid  in  the  few  cubic  inches  of  air  which  arc  usually 
sealed  up  for  analysis  ;  and  a  number  of  estimations  of  the  carbonic 
acid  in  air,  collected  at  St.  Bartholomew's  Hospital,  proved  that 
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this  gas  can  he  thus  estimated,  hy  ahsorption  with  caustic  potash. 
Such  an  amount  of  air  was  taken  for  each  determination,  as  whs 
capahlc  of  supporting  a  column  of  mercury,  from  (I'H)  to  S()0 
milhmeters  high,  which  rendered  any  diminution  of  vohimc,  to 
the  extent  of  about  yj/.j^r  part,  distinctly  api)rc'cial)k\  The  following 
results  were  obtained,  those  on  the  2()th  of  January,  being  seven 
successive  determinations,  extending  over  about  tlirec  hours  : 

Percentage  of 
Carbonic  Acid. 

.  -OGi 

.  -077 

.  -OLIB 

.  -087 

.  -098 

.  -085 

.  -098 

.  -110 

.  -101 

Although  it  cannot  be  doubted  that  there  arc  other  methods 
by  which  carbonic  acid  can  be  more  minutely  and  accurately 
determined,  whenever  they  can  be  carried  out  with  the  usual 
conveniences  of  a  laboratory  at  hand,  yet  it  is  very  qucstiona))le, 
whether  any  of  these  processes  can  rival  tliis  purely  eudiometrical 
one,  in  cases  where  the  operations  have  to  be  performed  in  the 
midst  of  all  the  inconveniences  attending  an  experimenter  at 
great  altitudes.  Any  such  estimations,  involving  the  weighing  of 
potash  tubes  at  intervals  of  several  days,  or  even  weeks,  arc 
obviously  not  worthy  of  implicit  confidence.  In  the  above  mode 
of  determination,  the  actual  change  of  volume,  self-corrected  for 
temperature,  aqueous  vapour,  &c.,  being  actually  obsencd  by  the 
operator,  an  error  exceeding  "01  per  cent.,  is  probably  rarely  or 
never  committed. 

In  the  following  analyses  of  air  from  Mont  Blanc,  the  carbonic 
acid  was  absorbed  by  a  single  drop  of  concentrated  solution  of 
caustic  potash,  and  the  oxygen  was  then  determined  by  ex})loding 
the  residual  gas  with  excess  of  electrolytically  jircparcd  hydrogen. 

Specimen  collected  at  the  Grands  ^lulets  (altitude  11,000  icci)^ 
August  20th,  1859,  at  6*45  p.m  "Wind,  north,  hail  falling,  but  a 
moderately  clear  sky. 
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Estimation  of  Carbonic  Acid. 


I. 


Obs.  vol. 
Air  used         .....     5395 
Al'ter  absorption  of  carbonic  acid     .     538*9 


Temperature  C. 
5-0° 
5-0° 


Estimations  oj 

'  Oxygen. 

II. 

Air  used 

After  admission  of  hydrogen  . 

After  explosion 

Obs.  vol. 
.     290-8 
.     486-5 
.     304-9 

Temperature  C 
5-2° 
5-2° 
5-2° 

III. 


Obs.  vol. 

Temperature  C 

Air  used         .... 

.     248-7 

5-2° 

After  admission  of  liydrogen  . 

.     413-8 

5-2° 

After  explosion 

.     288-7 

5-2° 

Percentage  Composition. 


L 

n. 

III, 

Mean. 

Nitrogen 

•     • 

79-096 

79-124 

79110 

Oxygen 

•     • 

20-793 

20-765 

20-779 

Carbonic  acid 

0-111 

•  • 

•   • 

•111 

100000 

Specimen  taken  at  the  summit  (altitude  15,732  feet),  August 
21st,  at  8'45  a.m.  AVind,  north;  weather  bright  and  sunny;  air 
fiUed  with  particles  of  snow  whirled  up  by  the  wind. 


Estimation  of  Carbonic  Acid, 


I. 


Obs.  vol. 
Air  used         .....     326-1 
After  absorption  of  carbonic  acid   .     325-9 


Temperature  C. 
5-2° 
5-2° 
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Estimations  of  Oxygen. 
II. 


" 

Obs.  vol. 

TcmiK-rature  C. 

Air  used         .... 

.     l()(j-8 

5-3^ 

After  admission  with  hydrogen 

.     2730 

5-3° 

After  explosion 

.     1G8-1 

5-3^ 

III. 

Air  used  .... 
After  admission  of  hydrogen  . 
After  explosion 


01  )S.  vol. 

Temperature  C. 

159-9 

5-3^ 

302-7 

5-3° 

202-7 

5-3° 

Percentage  Composition, 


I. 

n. 

ni. 

Mean. 

Nitrogen 

•   • 

78-989 

78-988 

78-989 

Oxygen 

•   • 

20-950 

20-951 

20-950 

Carbonic  acid 

0-061 

•  • 

•  • 

-OGl 

100  000 

Specimen  collected   at   Chamonix  (altitude  3000  feet),  August 
23rd,  at  2  p.m.     AVind  north;  sky  clear. 


Estimation  of  Carbonic  Acid. 


I. 


Obs.  vol. 

Air  used        .         .         .         .         .     474?'  I 
After  absorption  of  carbonic  acid    .     473-8 


Temperature  C. 
5-4° 


Estimations  of  Oxygen. 
II. 


Air  used  .... 
After  admission  of  hydrogen  . 
After  explosion       .         • 


Obs.  vol. 
255*6 
455-8 
295-5 


Temperature  C. 
5-0° 
5-0° 
5-0^ 
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III. 


Oba,  vol. 

Temperature  C. 

Air  used 

•                  t                  •                  f 

217-4 

5-0° 

After  ailmission  of  hvdroiieu  . 

377-3 

5  0° 

After  explosion       .... 

21M 

50° 

• 

Perccntoge  of  Conijwsition. 

I.                 ri. 

III. 

Mean. 

Xitropjen 

70  0  15 

79-007 

79-056 

Oxygen 

20-892 

20-870 

20-881 

Carbonic  acid 

•063 

•   « 

•063 

100000 

So  far  as  the  nitrogen  and  oxygen  are  conecrned,  the  composi- 
tion of  these  samples  of  air  falls  within  the  limits  of  variation 
noticed  by  former  experimenters  ;  but,  although  the  comparatively 
high  percentage  of  carbonic  acid,  at  the  Grands  ^Inlets,  confirms 
the  observations  of  the  Messrs.  Schlagintweit,  as  to  the  presence 
of  a  larger  amount  of  this  gas  at  great  elevations,  yet  the  diminu- 
tion of  the  quantity  to  about  the  normal  amount  upon  the 
summit,  shows,  either  that  this  gas  attains  a  maximum  at  a  height 
of  about  1 1,000  feet,  and  again  diminishes  above  this  altitude,  or, 
as  is  much  more  probable,  the  percentage  of  carbonic  acid  is 
generally  J  but  not  invariably,  greater  in  the  higher  regions  of  the 
atmosphere.  These  results  also  exhibit  a  correlation  between 
atmospheric  oxygen  and  carbonic  acid,  for  when  the  one  increases 
the  other  diminishes, — a  fact  which  will  be  better  seen  from  the 
following  comparison : — 

Percentage  of      Mean  percentage  of  oxygen, 
carbonic  acid,      in  air  free  from  carbonic  acid. 

Grands  Mulcts  .     -Ill  20*802 

Summit         .         .         .     '061  20963 

Chamounix   .         .         .     '063  20-89i 

This  result,  if  it  be  confirmed,  cannot  be  regarded  as  altogether 
unexpected,  when  we  consider  the  effects  of  vegetation,  combus- 
tion, and  respiration  upon  the  constituents  of  the  atmosphere; 
but  both  this  and  the  comparative  amount  of  carbonic  acid  at 
great  altitudes,  are  problems,  the  solution  of  which  must  be  left 
to  future  and  more  extended  inquiries. 
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VI. — On  Ri'fiii'uig  Gold  lohen  alloyed  with   Tin  or  Antimonij,  no  us 
to  render  it  Jit  for  the  jtnrposes  of  Coinaye. 

By    Robert    Waking  ton. 

Towards  tlic  latter  end  of  the  year  1857,  I  received  from  tlic 
Australian  Bank,  a  specimen  of  l)ar-^()l(l  for  analysis,  which  was 
stated  to  have  been  obtained  from  the  (juartz-crushing  process. 
On  the  exterior,  or  what  had  been  the  surfaces  of  the  ori«^inal  bar, 
it  presented  the  general  appearance  of  a  golden  hue,  though  perhaps, 
an  experienced  and  critical  eye,  might  have  considered  it  a  little 
paler  than  pure  gold.  Interiorly,  or  on  the  broken  surface,  however, 
it  had  a  crystalline  structure  of  a  gre}Tsh  yellow  colour.  It  was 
very  brittle  and  rotten,  and  by  analysis,  yielded  the  following 
results  on  the  100  parts. 


Gold 

.     92-50 

Silver 

4-60 

Tin 

2'0{)  with  a  trace  of  antimony 

Copper 

0-75 

99-75 

Loss 

.       0-25 

100-00 

I  have  been  informed  that  numerous  bars  of  this  white  and 
brittle  gold,  had  arrived  in  this  country  from  Australia,  and  had 
caused  mucli  trouble  and  annoyance  to  the  refiners,  melters,  and 
also  to  the  Mint  officers,  as  it  will  be  evident,  that  the  nature  of 
the  alloying  metals  is  not  rendered  apparent  in  the  ordinary  mode 
of  assay,  by  the  processes  of  cupellation  and  quartation,  they  being 
oxidized,  dissolved,  and  carried  into  the  cupel  with  the  lead ;  and 
that  therefore,  in  the  after  larger  operations  of  melting,  when  the 
gold  passes  forward  for  the  purposes  of  coinage,  the  existence  of  the 
tin  and  antimony  not  having  been  discovered,  is  not  provided  for, 
and  consequently,  from  the  brittle  nature  of  the  alloy,  the  subse- 
quent processes  of  rolling,  to  which  it  lias  to  be  subjected,  arc 
rendered  impracticable.  I  am  informed  that  about  17,000  ounces 
of  gold  bars  have  in  this  condition  been  returned  to  the  Bank  of 
England  authorities  from  the  Mint,  a-s  unfitted  for  the  purposes  of 


coinage. 
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A  short  time  after  the  foregoing  examination  was  completed  and 
reported  on,  I  received  another  specimen  of  this  brittk^  gohl  for 
analysis,  througli  other  parties.  This  second  sample  presented 
somewhat  the  same  appearances,  l)otli  externally  and  internally,  as 
the  one  jnst  described,  being  perhaps,  a  little  whiter  in  its  colour, 
and  more  rotten  or  friable  in  texture.  It  yielded  by  analysis,  on 
the  100  parts  : — 


Gold 
Silver 
Antimony 
Tin 

Arsenic  ) 
Copper    j 


93-80 
2-20 
2-28 
1-40 

traces 


99-68 
Loss         .         .       0-32 


100 

An  interesting  question  arises  from  the  above  results  as  to  the 
origin  of  these  injurious  alloying  metals ;  do  they  occur  associated 
with  the  gold,  or  are  they  introduced  during  the  melting  process  ? 
As  regards  the  first,  we  know  that  in  stream  works,  gold  and  oxide 
of  tin  are  commonly  found  associated,  as  is  the  case  in  Ceylon,  in 
Cornwall,  and  other  districts.  AVc  know  also,  that  considerable 
quantities  of  stream-tin  are  brought  from  Australia.  The  presence, 
therefore,  of  that  metal  in  small  quantities,  as  an  alloy,  in  the  re- 
sulting gold  bars,  might  be  almost  anticipated.  But  this  view  of 
the  case  does  not  account  satisfactorily,  for  the  other  alloying 
metals  found  in  the  second  analysis,  particularly  the  antimony. 
My  own  impression,  derived  from  a  careful  examination  of  the 
specimens  and  the  foregoing  results,  is,  that  they  are  introduced 
during  a  rough  process  of  refining,  through  the  employment  of 
sulphuret  of  antimony,  and  that,  for  want  of  efficient  management, 
the  operation  has  been  imperfectly  carried  out. 

The  use  of  sulphuret  of  antimony,  for  the  purpose  of  refining 
gold  and  raising  its  standard,  is  so  well  known,  that  I  need  hardly 
dilate  upon  it ;  suffice  it  to  say,  that,  if  successfully  applied,  it 
converts  the  iron,  zinc,  tin,  &c.,  that  may  be  present,  and  much 
of  the  silver,  into  the  form  of  sulphurets,  which  float,  in  their 
melted  state,  upon  the  surface  of  the  gold  ;  a  portion  of  the 
antimony  at  the  same  time  alloying  with  that  metal.  This 
antimony  should,  of  course,  be   afterwards  removed  bv  a  second 
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operation.*  From  a  specimon  whicli  lias  since  conic  into  my 
possession^  it  will  be  seen  that  the  particles  of  gold  dust  have  been 
so  imperfectly  melted,  before  running  into  bars,  that  many  of  them 
ai*e  still  visible  in  their  flattened  and  rounded  forms,  and  must 
therefore  have  remained  suspended  in  the  melted  alloy.  I  feel  that 
this  explanation  of  the  source  of  the  alloying  metals  is,  therefore,  to 
some  extent  substantiated,  as  a  ^vant  of  a  sufficiently  high  and 
continued  heat  Avould  leave  the  gold  very  mucli  in  the  state  above 
described. 

On  delivering  the  report  of  this  second  analysis  to  the  parties 
from  whom  I  had  received  the  sample,  they  were  anxious  to  know 
if  I  could  suiTSfCst  to  them  a  method  by  which  these  injurious 
alloys  conld  be  removed,  and  the  gold  rendered  capable  of  being 
rolled  or  liannnercd,  without,  at  the  same  time,  greatly  increasing 
the  expense  of  the  operations,  or  entailing  a  loss  of  the  gold. 
I  was  in  consequence  induced  to  turn  my  attcMition  to  the 
effecting  of  this  desirable  object.  The  projjcr  resolution  of  this 
problem  required  a  little  consideration,  inasmuch,  as,  although  it 
w^as  evident  that  it  must  be  accomplished  by  a  process  of  oxida- 
tion, to  burn  out,  as  it  were,  the  antimony  and  tin  ;  yet  it  was 
also  necessary  that  the  oxygen  should  be  applied  to  the  alloyed 
gold  while  the  metal  was  in  its  fluid  state,  and  also  that  tlie  oxidiz- 
ing agent  should  not  part  with  its  oxygen  simi)ly  by  the  high 
temperature  to  which  it  would  be  subjected. 

Nitrate  of  potash  I  was  informed  had  been  suggested,  tried  and 
failed,  although  a  very  large  percentage  had  been  used;  experi- 
ments in  that  direction  were  therefore  considered  unavailable,  and 
my  attention  was  consequently  turned  to  the  employment  of 
metallic  oxides  liaving  a  weaker  affinity  for  oxygen,  at  these;  high 
temperatures,  than  the  metals  which  it  was  required  to  remove 
from  the  contaminated  gold. 

xVfter  a  few  experiments,  all  of  which  were  more  or  less  success- 
ful, I  succeeded  in  obtaining  the  desired  result,  and  submitted 
for  the  consideration  of  the  parties  concerned,  a  simple  i)roccss, 
which,  from  their  liberality,  I  was  enabled  at  the  time  to  com- 
municate to  several  friends  interested  in  such  matters,  and 
whicli  I  also  desire  now  to  lay  before  the  members  of  the 
Chemical  Society.  The  process  consists  in  the  employment 
of  oxide  of  copper,  about   10  per  cent,  of  which  is   to  be  added 

*  Since  making  this  communication,  I   have  been  informed   that  gulphate   of 
antimony  also  sometimes  occurs  in  association  with  native  gold  in  Australia. 
VOL.  XIII.  D 
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to  the  alloyed  golil,  Avitli  the  addition  of  a  small  quantity  of 
borax,  and  the  whole  maintained  in  a  well  fused  state  for 
about  lialf  an  hour.  Tlie  result  is  a  porfeetly  malleable  gold 
containing  a  small  percentage  of  metallic  copper,  and  well  fitted 
for  the  purposes  of  coinage.  The  proportion  of  oxide  of  copper 
used  must  of  course  greatly  depend  on  the  percentage  quantity 
of  the  oxidable  metal  requiring  to  be  removed  ;  but  I  believe,  from 
the  specimens  which  I  have  worked  on,  that  it  never  need  exceed 
the  10  per  cent.  Oxide  of  manganese  might  be  employed  to  cfTcct 
the  same  purpose ;  but  I  found  that  the  fusil)ility  of  the  oxide  of 
copper  and  its  powerful  lluxing  properties,  rendered  its  action 
much  more  cflicient  and  complete,  from  its  flowing  continually 
over  the  surface  of  the  molten  gold,  and  thus  thoroughly  oxidizing 
and  removing  the  tin  and  antimony  from  their  combination.  As 
thus  conducted  the  resulting  alloy  should  always  be  better  than 
standard,  unless  the  baser  metals  occur  in  very  large  proportion. 

By  the  action  of  nitro-hydrochloric  acid  upon  these  samples  of 
alloyed  gold,  the  resulting  solution  deposited  on  cooling  beautiful 
crvstals  of  chloride  of  silver  :  and  I  mav  be  allowed  here  to  mention 
a  very  curious  case  of  the  same  kind,  but  to  a  much  greater  extent, 
which  was  brought  under  my  notice  some  time  since,  by  the  late 
]Mr.  ^lauricc  Scanlan.  It  appeared  from  his  statement,  that  he 
liad  been  requested  to  obtain  the  gold  from  a  beautifully  wrought 
and  small  sized  rope-chain,  of  Indian  manufacture ;  and  on  submit- 
ting it  to  the  action  of  nitro-liydrochloric  acid  for  this  purpose,  he 
found  that  it  did  not  dissolve ;  and  although  he  obtained  some  gold 
in  solution,  yet  the  form  and  size  of  the  delicate  fabric  remained 
unaltered  ;  it  had  ])ecome,  however,  very  brittle  and  rotten,  and  was 
of  a  dingy  brown  colour.  It  was  submitted  to  me  for  examination 
by  the  microscope,  and  when  subjected  to  this  scrutinizing  agent, 
it  was  at  once  evident  what  had  taken  place,  and  of  what  the  chain 
had  been  composed.  It  consisted  almost  entirely  of  chloride  of 
silver,  beautifully  crystallised  on  the  surface  or  strands  of  the  rope, 
and  hanng,  in  the  cross  section,  a  radiating  structure  from  the 
interior  to  the  circumference,  the  central  core,  in  some  fragments, 
exhibiting  still  a  portion  of  the  original  alloy  from  which  the  gold 
had  not  been  removed,  it  having,  most  probably,  ])een  protected 
from  the  action  of  the  acid  by  the  comparatively  thick  coating  of 
chloride  of  silver  which  had  been  formed  around  it. 
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VI. — On  some  Dcriratirt's  from  the  (Jlujinca. 

By  F u  E  I)  i:  u  1  {  K  G  v  r  ii  ii  i  k. 

IT. 

The  terms  isotype  and  idiofype,  isotypic  and  idiotypic  uniy  be 
advantageously  adopted  to  denote  bodies  wliieli  belong  to  similar 
types,  or  to  the  same  one,  and  the  relations  whicli  sueli  Ixxlics 
bear  to  one  anothi-r.  The  application  of  these  expressions,  uhich 
ai*e  almost  self-explieatoiy,  is  best  seen  in  examples. 

A  body  is  idiotypic  with  all  its  replacement  derivatives ;  the 
latter  are,  of  course,  idiotypic  with  one  another ;  the  whole  are 
idiotypes. 

Bodies  belonging]!;  to  the  same  chemical  series  are  isotypic  wiih 
one  another  or  arc  isotypes.     Hence 

(1.)  The  idiotypes  of  the  same  body  are  idiotypes  of  one 
another. 

(2.)  The  isotypes  of  the  same  body  are  isotypes  of  one  another. 

(3.)  The  idiotypes  of  the  same  body  are  isotypes  of  the  idi(jtype8 
cf  an  isotypic  body. 

(4.)  The  isotypes  of  the  same  body  are  isotypes  of  the  idiotypes 
of  an  idiotypic  or  isotypic  body. 

In  a  paper  read  before  the  Chemical  Society  (March  3rd,  1851),) 
I  described  the  formation  and  some  of  the  properties  of  the  btxlies 
0411^01282,  Cn^IIioCl.^S,,  C,oII,oClS2  and  of  some  derivatives 
obtained  from  them.  I  purpose  now  resuming  the  consideration 
of  this  interestinj^  class  of  bodies  obtained  bv  the  action  of  the  two 
chlorides  of  sul^jhur  upon  the  olefines,  and  rendering  their  history 
somewhat  more  complete,  before  discussing  the  behaviour  of  the 
other  compound  halogens  towards  the  same  hydrocarbons. 

In  the  paper  referred  to,  it  was  asserted  that  bisuli)hide  of 
chlorine  is  without  action  upon  ethylene  at  temperatures  l)etwcen 
0°  and  100'  C.  The  hope  was,  however,  expressed  that  the  two 
might  combine  directly,  as  is  the  case  with  amylenc,  if  they  were 
subjected  to  increased  pressure.  I  have  since  found  that  even  at 
ordinary  pressures,  an  increased  temperature  is  sutlicicnt  to  deter- 
mine chemical  recomposition  ;  and  from  analogies,  afterwards  to  be 
pointed  out,  I  conclude  that  the   most  probable  interpretation  of 
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such  rccompositiou  is  the  direct  union  of  the  two  rcaiicnts,  ethylene 
and  bisulphide  of  chlorine,  and  the  simultaneous  decomposition  of 
the  product  formed. 

Action  of  bhulphide  of  cJilorine  vpou  c//u/lcnc. — Three  or  four 
ounces  of  bisulphide  of  chlorine  arc  brought  into  a  retort  of  two 
or  three  pounds  capacity.  The  retort  is  connected  with  an 
iuvertcd  condenser,  and  tlu*ouii:h  a  tube,  passing;-  throuj2:h  the 
tubulus  into  the  bisulphide,  a  ra})id  current  of  pure  dry  ethylene  is 
allowed  to  pass.  On  lieatinp:  the  bisulphide  to  ebullition,  the  two 
substances  are  brought  to*j:ether  in  a  j^ascous  state  at  a  tempera- 
ture of  about  139^  C;  a  condition  which  appears  greatly  to  pro- 
mote their  reaction.  After  about  200  litres  of  ethylene  have 
passed  through,  the  licjuid  which  has  deepened  in  colour,  is  trans- 
ferred to  a  smaller  retort  and  heated  till  the  Ijoiling  point  rises  to 
180*^  C.  During  this  distillation,  as  well  as  during  the  passage  of 
the  ethylene,  a  disengagement  of  hydrochloric  acid  takes  place. 
On  allowing  the  residue  in  the  retort  to  cool,  a  considerable 
quantity  of  sulphur  separates  out.  The  distillate,  which  contains 
only  a  small  quantity  of  substance  undecomposible  by  water,  may 
be  employed  in  subsequent  operations.  In  order  to  free  the 
organic  compound  in  the  unvolatilized  residue  from  still  adhering 
bisulphide  of  chlorine,  it  is,  after  separation  from  the  sulphur, 
digested  for  many  hours  with  water  at  80°.  After  fresh  portions 
of  water  no  longer  become  acid,  the  residue,  which  is  pasty  and 
opaque,  is  allowed  to  stand  for  two  or  three  days  in  contact  with 
dilute  caustic  soda.  After  drying,  it  is  digested  with  ether,  and 
the  same  process  of  purification  followed,  which  has  been  fre- 
quently described  in  my  former  paper. 

In  burning  this  substance  with  oxide  of  copper,  it  was  weighed 
in  an  open  boat  and  chlorate  of  potash  was  employed.  This  same 
methrxl  was  used  with  the  non-volatile  bodies  afterwards  to  be 
described.  In  the  determination  of  the  sulphur  of  this  and  other 
bodies,  I  ha\e  employed  carbonate  of  zinc  in  conjunction  with 
chlorate  of  potash,  instead  of  the  carbonates  of  soda  or  magnesia ; 
the  first  of  these  attacks  the  glass,  and  the  subsequent  separa- 
tion of  silicic  acid  renders  the  filtration  troublesome ;  the  second 
is  so  light  as  to  be  prone  to  projection  from  the  tube ;  and  both 
are  difficult  to  procure  free  from  sulphuric  acid.  The  carbonate  of 
zinc  prepared  from  the  chloride,  or  the  oxide  of  zinc  prepared  by 
the  combustion   of  zinc,  may,  I  think,  in  all  cases  advantageously 
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replace  the  bcfore-meiitioncd  carbonates  lor  sulpliiir  (leternuuatious. 
The  zinc  may  also  be  used  in  luiion  with  oxide  of  mercury  in 
Russell's  method.  In  all  cases,  however,  the  combustion  tul>c 
should  be  about  20  inches  lonj^  and  the  anterior  ei}j:ht  inches 
should  be  kept  cold. 

I.  04637  grm.  gave  0*3199  grni.  carbonic  acid  and  00980  grm. 
water. 

II.  02280  grm.  gave  0*01 1;  grm.  water. 
III.  0*3900  grm.  gave  0*2747  grm.  carbonic  acid   and  0*0735 
grm.  water. 

r\".  0*2501  grm.  gave  0*4559  grm.  sul])hate  of  baryta. 
V.  0*2870  grm.  gave  0*0178  grm.  chloride  of  silver. 
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The    substance    analysed     has     accordingly    the    composition 
0^1138201.,  ha\-ing  been  formed  according  to  the  equation — 

c^H^  +  3S2CI  =  0^1138201.,  +  IICl  -^-  48 

which  also  explains  the  liberation  of  hydrochloric  acid  and  tlic 
separation  of  free  sulphur,  described  in  the  preparation  of  the 
body.  Probably  the  most  appropriate  name  for  this  body  would 
be  the  bidu/jj/iochlorldc  of  chlorethylene,  its  formula  being 


c  iH 

^*  |C1 1 


SjCl 


inasmuch  as  in  all  likelihood,  one  atom  of  hydrogen  has  been 
replaced  by  one  of  chlorine,  and  the  so-formed  chlorethylene  lias 
combined  with  the  bisulphide  of  chlorine  ;  or  the  bisuli)liide  of 
chloiinc  has  combined  with  the  ethylene  to  C3H^S2C1,  and  this 
body  has  decomposed  two  more  atoms  of  bisulphide  of  chlorine, 
forming  hydrochloric  acid  and  bisulphochloride  of  chlorethyleue  : 

C^H^82C1   +   2S2CI   =   C^  I^W  S2CI    -f-   48  +    IICl 
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It  is  clear  however  that  it  may  be  viewed  also,  either  as  the 
hic'hlorosulphiilo  of  vinyl, 

C,ll3S,Cl, 

which  would  however  be  without  analogues,  or  as  the  bisulphide  of 
bichlorcthyl, 

C     ^"^1  S 

Bisulphochloridc  of  chlorethylcne  is  a  transparent  liquid  of  light 
yellow  colour.  Its  taste  is  sweet  and  pungent.  Its  smell  when 
fresh  is  agreeable,  being  between  those  of  ])oppcrmint  and  of  oil 
of  lemons.  Three  or  four  drops  when  swallowed  produce  head- 
ache. It  is  soluble  in  ether  and  alcohol,  insoluble  in  water ;  it 
does  not  volatilize  without  decomposition.  Atll°C.  its  specific 
gravity  is  1'599. 

It  is  worthy  of  note  that  the  bichlorosulphidc  of  ethylene 
C^H^S.2Cl2  obtained  by  the  direct  union  of  chloride  of  sulphur  with 
ethylene  and  described  in  the  former  paper,  differs  from  the  body 
just  described  only  in  having  one  more  atom  of  hydrogen,  a  differ- 
ence which  might  not  appear  on  analysis.  The  specific  gravity  of 
the  latter  body  however  is  only  1*408,  its  smell  is  quite  distinct, 
and  it  is  much  less  soluble  in  ether. 

The  determination  of  the  composition  of  bisulphochloridc  of 
chlorethylcne  suggested  three  questions  : — 

(1.)  Is  its  formation  preceded  by  that  of  the  bisulphochloridc 
of  ethylene  C^H^S2C1,  which  undergoes  decomposition  on  heating  in 
presence  of  two  additional  molecules  of  S2CI? 

(2.)  May  it  be  regarded  as  a  substitution-product  of  bisul- 
phide of  ethyl,    being    in    fact    the    bisulphide    of   bichlorethyl 

(3.)  Does  it  admit  of  further  exchange  of  hydrogen  for  chlorine, 
whether  such  chlorine  replacement-products  be  identical  or  not 
with  the  hitherto  hypothetical  chlorine  substitution-products  of 
bisuphidc  of  ethyl."^? 

*  AniL  Ch.  Phja.,  [3],  xviii,     Cahours  mentions  that  chlorine  acta  upon  the 
higalphidc  of  ethyl ;  but  the  products  do  not  appear  to  have  been  examined. 
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Tlic  question  (1)  may  he  answered  approxiniatcly  by  submittin 
the  bisulphoehloride  of  amyhuie  C,„lI,oS./'l,  (lescn))ed  in  tlie 
former  paper  to  tlie  action  of  two  additional  niokcido  of  bisulphide 
of  ehlorinc  at  a  high  temperature. 

Question  (2)  must  be  answered  l)y  submitting  bisulphide  of 
ethyl  to  chlorine. 

To  answer  question  (3)  bisulphoehloride  of  chlorLthvlcne  must 
be  acted  on  bv  cldorine. 

On  passing  dry  chlorine  into  bisuljdiochloride  of  chlorethylene,  a 
rapid  disengagement  of  hydrochloric  acid  results,  accompanied  by 
a  liberation  of  heat  which,  under  favourable  circumstances,  may 
raise  the  temperature  of  the  liquid  from  12°C.  to  85°  C;  at  tlic 
same  time  the  liquid  loses  almost  all  its  colour.  In  the  following 
c.\i)criments  the  reaction  was  carried  on  in  the  dark. 

Through  eight  or  ten  grammes  of  bisulphoehloride  of  chlor- 
ethylene,  dry  chlorine  was  passed,  until  the  heat  at  first  developed 
had  abated,  and  the  ordinary  temperature  was  re-established. 
The  tube  containing  the  product  was  then  heated  in  a  water-bath 
to  100"  C,  and  a  rapid  current  of  dry  chlorine  was  passed  through 
for  two  hours.  The  product  Avas  freed  from  dissolved  hydrochloric 
acid  and  chlorine  by  being  again  heated  to  100°  C.  and  subjected  to 
a  rapid  current  of  dry  carbonic  acid  for  two  hours.  Even  after 
all  the  hydrochloric  acid  was  expelled,  the  carbonic  acid,  in  passing 
through  the  liquid  at  100°  C.  continued  to  carry  oil*  a  vapour  whicli 
both  fumed  with  ammonia  and  reddened  litmus  paper.  This  is 
due  to  the  vapours  of  chloride  of  sulphur  and  oxychloride  of 
sulphur  as  we  shall  presently  see. 

The  cold  gas-exit-tube  became  coated  with  a  layer  of  yellowish 
transparent  ciTstals,  too  small  in  quantity  for  examination,  and 
consisting  probably  of  oxychloride  of  sulphur,  whose  formation 
was  due  to  a  trace  of  moisture.  After  the  carbonic  acid  had  pa.sscd 
through  during  the  time  mentioned,  a  drop  of  the  liquid  did  not 
give  up  any  hydrochloric  acid  to  water.  It  was,  however,  digested 
with  warm  water,  dissolved  in  ether,  then  dried  and  purified  as 
before. 

On  analysis  this  body  showed  the  following  composition  : — 

gnn.  ?nn.  prm. 

I.  0-3737  gave  0-2182  carbonic  acid  and  0-0374  water. 
II.  0-5181     „     0-1116  sulphate  of  baryta. 
III.  0-4453     „     1-2957  chloride  of  silver. 
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The  action  of  clilorinc,  therefore,  under  these  circumstances 
upon  the  bisiilphochloride  of  clilorethylen  is  to  replace  one  atom 
of  hydroiren  by  chlorine  and  to  eliminate  half  the  sulphur  ;  thus 
i^ivingj  rise  to  a  body  which  may  be  called  the  chlorosulpJude  of 
h'lchloretJnilene. 

C,  {H.}  SCI. 

The  reaction  takes  place  according  to  the  equation 

C^HgCUS^  +   3C1  =  CJi2Cl3S   +   IICl  +  3C1 

The  chlorosulphide  of  bichlorethylene  is  a  yellowish,  almost 
colourless,  transparent  liquid  of  pungent,  sufibcating,  and  most 
persistent  smell.  It  mixes  with  ether  and  alcohol,  but  is  insoluble 
in  water.  Although  not  volatile  when  heated  alone,  it  may  be 
volatilized  almost  without  residue  in  a  current  of  dry  carbonic 
acid.     Its  specific  gravity  is  1*225  at  13*.5°C. 

In  order  to  compare  the  products  of  the  action  of  chlorine  upon 
bisulphide  of  ethyl  with  those  of  its  action  upon  the  bisulpho- 
chloride  of  chlorethylene,  ten  or  twelve  grammes  of  the  bisulphide 
of  ethyl  were  exposed  to  the  action  of  chlorine  in  the  same  appa- 
ratus, and  as  nearly  as  possible  under  the  same  physical  conditions 
as  obtained  during  the  action  of  chlorine  upon  the  bisulphochloride 
of  cldorethvlene. 

On  passing  a  rapid  current  of  dry  chlorine  into  the  above  quan- 
tity of  bisulphide  of  ethyl,  the  temperature  was  raised  from  14°  to 
78°  C,  abundance  of  hydrochloric  acid  being  evolved.  Tlie  first 
bubbles  of  chlorine,  passed  through  the  liquid,  became  opales- 
cent, owing  to  the  separation  of  sulphur.  As,  however,  the 
temperature  rose,  this  opalescence  speedily  disappeared.  At  one 
stage,  the  liquid  became  much  darker  in  colour  than  the  sulphide 
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of  ethyl ;  subsequently  it  regained  its  liglit  straw-colour;  when 
this  happened,  the  evolution  of  heat  ceased.  The  licpiid  j)roduct 
so  formed  was  thereon  heated  to  100°  C.  in  a  water-butli,  and  the 
current  of  chlorine  continued  for  two  hours;  it  was  tlien  freed 
from  liydrochloric  acid  and  chlorine  by  a  stream  of  carbonic  acid, 
as  described  in  the  preparation  of  the  chlorosulphide  of  liichlor- 
ethylene. 

A  product  was  thus  obtained,  having  the  same  colour  and  pre- 
cisely the  same  exceedingly  characteristic  smell  as  the  chhjro- 
suJphide  of  bichlorethylene,  formed,  as  already  described,  ])y  the 
action  of  chlorine  upon  the  bisulphochloride  of  chlorethylenc.  Its 
specific  gravity  was  found  to  be  r219  at  13'5°  C,  which  is  identical 
with  that  of  the  chlorosulphide  of  bichlorethylene.*  Analysis  also 
showed  the  two  to  contain  the  elements  carbon^  hydrogen,  sulphur, 
and  chlorine  in  the  same  proportions  as  they  exist  in  the  chloro- 
sulphide of  bichlorethylene. 

I.  0*3623  grm.  gave  02177  grm.  carbonic  acid  and  0-0320  gnn. 
water. 

II.  0*4073  grm.  gave  0*4113  grm.  sulphate  of  baryta. 
III.  0*2762  grm.  gave  0*7702  grm.  chloride  of  silver. 


Calculated. 

Found. 

I. 

n. 

m. 

C4 

.     16*16     . 

.     16-38 

>i 

)» 

H, 

1*35     . 

.       1-00 

)f 

)i 

S 

.     10-76     . 

>f 

1110 

>f 

CI3 

71*73 

)i 

f) 

69-00 

Win  (   ^^ 


100*00  97*48 

This  liquid  has  therefore  the  formula  : — 

having  been  formed  according  to  the  equation  : — 

C4H3S,   -f    7C1  =   C^  ^^A  S    +    SCI   +   3IIC1, 

and  being,  in  accordance  with  its   derivation^  the  sulphide  of  ter- 
chl  or  ethyl. 

*  For    exact    comparlbon,    the  specific  gravities  of  the   two  substances  were 
taken  in  the  same  vessel  and  nearly  at  the  same  time. 
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I  can  detect  no  (liU'iTeneo  whatever  between  the  snhstance  just 
deseril)C(l.  and  tliat  wh(>se  analysis  was  a^iven  on  page  10,  and 
named  tlie  c]dorosul})lii(K^  of  bieldorctliylenc.  The  empirical 
formulae  of  the  two  are  identical,  C^ll.^Cl^S;  but,  if  wc  insist  upon 
evidencing  the  ditferent  sources  of  the  two  Ixxlies  in  their  fonnuhc 
and  names,  we  must  write  the  t)ne  : — 

Chlorosulphidc  of  bichlorcthylene  .        C^  |^/j4  SCI,  the  other 

Sulphide  of  tcrchlorcthyl      .  .  '  ^4  jci  i   ^' 

Tliat   these  two  bodies  are   identical  I  believe  no  one  who  has 
had  them  in  Iiis  hands  will  doubt.     I  must  reserve  the  confirma- 
tory evidence  resulting  from  the  apparent  identity  of  some  oxygen 
derivatives  obtained  in  the  same  manner  from  both,  for  another 
occasion.     But  from  the  above  facts  alone  wc  arc  pc^rhaps  justified 
in  giving  an  alTirmative  answer  to  the  question  (2)  above  proposed  ; 
that  is,  we  may  look  upon  bisulphochloridc  of  chlorethylenc  in  its 
behaviour  towards  chlorine  as  a   chlorine-substitution-product  of 
bisulphide  of  ethyl.      That  we   do   not  obtain   the  bisulphochlo- 
ride  of  chlorethylenc    by  acting  upon    bisulphide  of  ethyl  with 
chlorine,   is   accounted    for    by  the  fact   already  proved,   that  the 
bisulphochloridc  of  chlorethylenc  is  itself  attacked  by  chlorine.     It 
is  highly  probable,  however,   that  the  darkening   of  the  liquid, 
mentioned  above,  at  one  stage  of  the  action  of  chlorine  upon  the 
bisulphide  of  ethyl,  is  owing  to  the  formation  of  the   bisulpho- 
chloridc of  chlorethylenc,  which  subsequently  undergoes  further 
hydrogen-replacement  and  elimination  of  sulphur,  being  converted 
into  the  chlorosulphidc  of  bichlorcthylene.     I  did  not,  however, 
seek  to  intercept  the  process  at  this  point,  because  no  criterion 
could  l>e  formed  of  the  integral  nature  of  the  action,  and  because 
even  if  a  body  of  the  anticipated  composition  had  been  formed,  it 
mi^'ht  still  have  been  a  mixture  of  the  higher  substitution-product 
with  the  original  substance. 

The  identity  of  the  chlorine-substitution-products  of  ^^if^r  SgCl 

and  C^H^S^  is  further  of  considerable  interest,  inasmuch  as  it 
shows  that  towards  chlorine  the  two  are  essentially  idiotypic,  and 
that  consequently,  while  we  have  seen,  in  the  caseof  amylenc,  that 
a  bfxly,  CpH^S^Cl,  acts  t<jwards  oxides  and  hydratcd  oxides  as  the 
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chloride  of  a  si/lpli7ir -rncWcle ;  towiirds  rlilorino  sncli  a  bod}-  arts  as 
the  sn/j)/ti(k' oi' a  chl(jri/u'-n\d'w\c.  This  line  of  ovidcnce  uill  he 
more  coinpk'to  after  stiidyiiiLC  the  action  of  chlorine  upon  the 
bisulphocliloridc  of  aniylcnc  previously  described. 

If  a  rapid  current  of  dry  chlorine  be  passed  through  l)isidpho. 
chloride  of  aniylene,  CjqII^jS^CI,  hydrochlonc  acid  is  evolved,  in 
order  to  compare  this  reaction  with  the  action  of  chlorine  u|>on 
bisulphide  of  ethyl  and  bisuli)hochlori(le  of  chlorethylenc,  ten  or 
twelve  grammes  of  the  bisulphoehloridc  of  aniylcnc  were  brouj^ht 
into  the  same  ai)panbtus  and  sul)jected  to  the  action  of  chlorine, 
under  the  same  circumstances  as  attended  the  action  of  that  ele- 
ment upon  the  bodies  mentioned.  Tlie  action  was  attended  by  an 
evolution  of  heat  which  raised  the  li(iui(l  from  1)2  to  70°  C.  The 
cohmr  changed  from  a  liirht  straw-yellow  to  a  garnet-red  at  this 
point  I  suppose  the  licpiid  to  consist  principally  of  an  intermediate 

substitution-product  C^,  -!  ^.^  >  S.^Cl),  and  then  became  almost  of 

its  original  paleness.  At  this  point  no  more  heat  was  evolved.  The 
product  being  then  heated  in  a  water-bath,  the  stream  of  chlorine 
was  continued  for  two  hours.  After  standing  in  a  stoppered  bottle 
for  twelve  hours,  it  still  smelt  strongly  of  cldorine.  The  excess 
of  chlorine  and  the  hydrochloric  acid  formed  were  tinally  expelled 
by  a  stream  of  dry  carbonic  acid  at  100"  C,  and  the  i)roduet  was 
purified  as  before. 

Grm.  Gnu,  Grm. 

I.  0-4833  gave  0-i;331  car])()nic  acid  and  ()-1572  water. 
II.  0-3299     „      0-3228         „         „  01137      „ 

III.  0-12U     „      0-38r)0         „         „  013G8      „ 

IV.  0-5011     „      1-2995  chloride  of  silver. 
V.  0-3910     „      0-2274  sulphate  of  baryta. 

VI.  0-G996     „      0-1031 
VII.  0-1942     „      0-2810         „  „ 

Found. 

I.              n.            ni.            IV.  v.  VI.  vn.  rn,nn. 

C    23-76         23-66         24-76            „  „  „  „  -      ♦? 

H     3-59           3-S3           3-59             „  „  „  „  3-07 

CI      „               „              „            6415  „  „  „  64-15 

S       „               „              „               „  7-91  7-89  7-79  7-86 

99-74 
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The   possible   substance,    uliose   composition    approaches   most 
nearly  to  this,  is  the  chlorosulphide  of  terchlora})ujIene, 

C,„  {y,7|  SCI, 

or,  according  to  "vvhat  has  been  shown  concerning  the  ethylene 
compounds,  the  sulphide  of  quadrochloramyl , 

« 

for  these  two  bodies,  to  whose  identity  analogy  points,  require 

Cio  . .  26-66 
H-..  311 
Cl^  .  .  63-11 
S     ..     711 


99-99 


The  sulphide  of  quadrochlorarayl  or  chlorosulphide  of  terchlor- 
amylene  closely  resembles  in  smell,  taste,  and  physical  properties 
the  ethylene  substitution-products  already  discussed.  It  is  a  trans- 
parent, non-volatile,  light  yellow  liquid  of  sjoecific  gi-avity  1*406  at 
16°  C.  It  is  insoluble  in  water,  miscible  with  ether,  and.  soluble 
in  hot  alcohol. 

Foui'teen  grammes  of  amylene  were  gradually  mixed  at  the  closed 
end  of  a  combustion- tube,  four  feet  long,  with  more  than  three 
equivalents  of  bisulphide  of  chlorine.  The  mixture,  having  been 
kept  boiling  for  eight  hours  (during  which  hydrochloric  acid  was 
copiously  evolved)  was  transferred  to  a  retort  and  heated  till  its 
temperature  rose  to  190°  C.  After  cooling  and  decanting  from 
the  small  quantity  of  separated  sulphur,  the  product  was  washed 
with  aqueous  caustic  soda,  etc. 

0'41 18  grm.  gave  0*4411  grm.  of  carbonic  acid  and  0*1680  grm. 
water. 

0*7006  grm.  gave  06362  gnn.  of  chloride  of  silver. 

These  numbers  show  28-76  per  cent,  of  carbon,  4*50  per  cent,  of 
hydrogen,  and  22*46  per  cent,  of  chlorine ;  a  result  which  points 
to  no  simple  formula.     The  product  was  probably  a  mixture. 

It  is  very  worthy  of  notice  that  the  body  resulting  from  the 
action  of  chlorine  upon  the  bisulphochloride  of  amylene  is  not  an 
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analogue  of  that  derived  l)y  clilorine  from  tlie  hisulpliocldorido  of 
cliloretliylene  {i.e.  from  tlic  bisulphide  of  biehlorethyl'i  and  from 
the  bisulphide  of  ethyl.     Conjparing  tlieir  general  formuhe,  we  have 

for  the  first  C^^  jci"""*l  ^^  ^''^^  ^'''"  ^^^^  second  C^^  Ici'""'']  ^• 
But  this  difference^  which  might  seem  to  indicate  an  anomalous 
behaviour  in  the  two  cases,  really  residts  from  the  synmietry  of  the 
two  reeompositious  eifected  by  chlorine  ;  a  symmetry  which  ex- 
tends moreover,  to  the  chlorine-substitution-products  of  the  mono- 
sulphide  of  ethyl,  studied  by  Regnault.*  Patting  the  reations 
together : — 

By  the  action  of  Chlorine. 
(1.)  (2.)  (3.)  (4.) 

C4H5S  CJT3S,       C,  ^}f\  S,C1  C,,1I,,S,C1 

is  converted)   p    jH  |  o  ^     (Ho)   q  n     fHo]   ^    p,      UL)   ^ 
into  I  ^^  JCIJ  ^  ^4  ICI3I  ^  ^4  ICI3I  ^    ^^0  JCIJ  ^ 

by  the  ex-    )   4  H  for        3  H  for  3  CI  11  for  CI     3  II  for  3  CI 

change  of  j  4  CI         and  SCI  for  CI  and  SCI  for  CI       CI  for  SCI 

Thus  in  all  cases  but  the  third,  a  fourfold  exchange  is  effected  ; 
and  that  here,  merely  a  twofold  exchange  occurs,  may  be  attri- 
buted to  the  body,  reckoned  from  the  bisulphide  of  ethyl,  having 
alreadv  suffered  a  two-fold  replacement.  It  has  been  already 
shown  in  the  first  paper,  that  SCI  is  monomolecular,  and  may  be 
replaced  by  a  single  atom  of  chlorine.  Particularly  remarkable  is 
the  analogy  between  (2)  and  (4),  pro^^ng  as  it  does,  that  these  two 
substances  are,  towards  chlorine,  isotypic. 

The  above  bodies,  furnish  examples  of  the  proneness  which 
chlorine  has  to  replace  even  numbers  of  molecules. 

In  order  to  throw  some  more  light  upon  the  constitution  of 
bisulphochloride  of  amylene,  I  have  subjected  that  body  to  the 
action  of  nitric  acid  ;  Ijut  before  describing  the  products  o])tained 
by  this  reaction,  it  will  be  well  to  consider  Ijriefly,  the  action  of 
nitric  acid  upon  amylene  itself. 

The  temperature  at  which  nitric  acid  and  amylene  act  upon 
one  another,  is  so  far  above  the  boiling  point  of  the  latter  body, 
that  great  loss  of  amylene  results  if  the  two  are  heated  together, 

*  Ann.  Ch.  Phys.  [3],  Ixxi,  387. 
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evcu  ill  capacious  vessels^  uiitil  tlie  reaction  commences.  If  five  or 
six  gi'ammes  of  amylene  be  shaken  in  a  bolt-head,  with  four  or  five 
times  the  volume  of  fuming  nitric  acid,  and  heat  be  applied  until 
the  acid  boils,  a  suddcai  evolution  of  nitrogen-oxides  results,  the 
neck  of  the  bolt-head  becomes  coated  with  a  thin  layer  of  fatty 
white  crystals,  and  green  oily  drops,  heavier  than  nitric  acid, 
appear  in  that  liquid.  For  the  above-mentioned  reason,  however, 
this  method  of  tracing  the  reaction  was  abandoned^  and  the 
following  one  employed. 


J33 


rt  r 


Air,  dried  by  passing  over  chloride  of  calcium,  in  the  tube  c,  is 
made  to  bubble  through  amylene,  contained  in  the  bulbs  6,  and 
being  thus  charged  with  the  vapour  of  amylene,  it  is  led  through 
fuming  nitric  acid  in  the  retort  c,  which  has  previously  been 
heated  to  boiling,  and  which  is  kept  so  during  the  passage  of  the 
gas.  The  retort  is  connected  with  a  condenser.  If  the  volume  of 
the  nitric  acid  be  about  seven  times  as  great  as  that  of  the  amylene, 
and  if  the  current  of  air  and  the  heat  of  the  retort  be  so  regulated, 
that  the  amylene  and  nitric  acid  are  volatilized  nearly  together, 
almost  the  whole  of  the  non-gaseous  products  consists  of  the  white 
fatty  crystalline  substance  before  mentioned,  which  coats  the 
surface  of  the  receiver ;  the  greater  quantity,  however,  is  deposited 
in  the  tube  of  the  condenser,  and  may  thence  be  washed  into  the 
receiver.  Water  is  added  to  the  latter,  and  it  is  vigorously 
shaken  until  the  product  cakes  together. 

Although  header  than  water,  it  generally  floats  upon  its  surface, 
owing  to  the  presence  of  small  gas-bubbles.  After  washing  with 
cold  water  on  a  funnel,  and  drying  between  blotting  paper,  it  is 
strongly  pressed  to  remove  traces  of  the  liquid  product  mentioned 
before,  and  then  recrystallized  from  boiling  anhydrous  ether.  If 
the  ethereal  solution  be  allowed  to  cool  without  evaporation,  the 
substance  crystallizes  out  in    long   rectangular  prisms.      If   the 
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crystallization  be  helped  by  evaporation,  it  separates  as  fiat  rectan- 
gular tables.  Under  the  microscope,  no  other  than  ri^ht  angled 
could  be  observed  in  either  case. 

Burnt  with  oxide  of  copper,  metallic  copper  being  employed  in 
the  anterior  of  the  tube, 

I.  0'3G80  grm.  gave  0*5019  grm.  carbonic  acid,  and  0-20CG  grm. 
water. 

II.  01330  grm.  gave  19-1  cc.  of  nitrogen  at  0°C.,  and  7G0  mm. 


Calculated. 

I. 

n. 

^10       • 

.       37-09 

37-20 

i> 

Hio    • 

6-18 

6-24 

)} 

N,     . 

17-28 

y} 

18-0  i 

0,     . 

• 

This   substance  ma}^,    therefore,  be  called  binitroxamylenc,  its 
formula  bciuir — 


D 


C,oH32(NO,) 

A  portion  of  the  nitric  acid  is  deoxidized  to  NO2 ;  this  com- 
bines with  the  oxygen  of  the  excess  of  air  to  form  NO^ ;  and  the 
latter  molecule  unites  directly  with  a  fresh  portion  of  amylene. 
This  same  substance,  which  can  be  obtained  only  in  small 
quantities  by  the  above  process,  may  be  prepared  in  any  desired 
quantity  by  the  direct  union  NO^  with  amylene.  The  latter 
method  of  preparing  this  body,,  together  with  some  of  its  pro- 
perties, will  appear  in  the  next  communication. 
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VII. —  On  the  CrystalViscd  Ilydrutes  of  Banjfa  and  Sfj'ontia 

By  Chaules  L.  Bloxam. 

CoxsiDKRARLE  (liffcrciicc  of  opiiiiou  appears  to  exist  among  ehemi- 
eal  authors  with  respect  to  the  composition  of  the  crystallised 
hydrates  of  baryta  and  strontia,  some  representing  them  as  contain- 
ing 8  cqs.,  others  9  eqs.,  and  others  even  10  eqs.  of  water,  whilst 
in  some  cases  these  hydrate^  so  closely  analogous  in  their  chemical 
relations,  are  represented  as  crystallising  with  different  amounts  of 
water. 

Having  had  occasion  to  satisfy  myself  with  respect  to  their  true 
composition,  I  beg  to  submit  the  results  of  my  analysis  to  the 
Society. 

The  ciystallised  hydrate  of  baryta  was  prepared  according  to  the 
method  recommended  by  ^lohr,  by  adding  powdered  nitrate  of 
baryta  to  a  boiling  solution  of  an  equivalent  quantity  of  hydrate  of 
soda.  The  crystals  which  separated  from  the  cooled  liquid  were 
purified  by  two  crystallisations. 

On  examining  the  solution  from  which  the  first  crop  of  crystals 
had  l)een  deposited,  it  was  found  to  contain  a  considerable  quantity 
of  undecomposed  nitrate  of  baryta,  together  with  some  hydrate  of 
soda,  showing  that  the  decomposition  of  the  nitrate  by  a  single 
equivalent  of  soda  was  far  from  complete.  In  a  second  preparation 
1*4  eqs.  of  hydrate  of  soda  were  employed,  but  in  this  case  also,  a 
considerable  quantity  of  the  nitrate  of  baryta  was  left  undecom- 
posed, though  less  than  in  the  first  experiment. 

The  hydrate  of  ban^ta  exhibited,  in  a  remarkable  degi'ce,  the 
tendency  to  remain,  without  crystallising,  in  a  super-saturated 
solution,  until  it  was  either  briskly  stirred  or  placed  in  contact 
with  a  crystal  of  the  hydrate. 

On  attempting  to  dry  the  crystals  in  vacuo  over  oil  of  vitriol, 
they  soon  became  opaque,  which  was  at  first  attributed  to  the  for- 
mation of  a  thin  film  of  carbonate,  but  was  afterwards  found  to 
arise  from  loss  of  water;  indeed  the  crystals  were  found  to  effloresce 
even  in  air  of  ordinary  humidity,  which  may  help  to  explain  the 
discrepancy  in  the  results  which  they  have  afforded  to  diflfercnt 
analysts. 
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In  order  to  determine  tlie  amount  of  water  lost  m  vacuo  over 
oil  of  vitriol,  separate  samples  of  the  crystals,  obtained  in  two  dis- 
tinct operations,  were  exposed  in  a  receiver  of  air  over  quick  lime, 
and  weighed  at  short  intervals,  until  the  loss  of  weight  in  a  given 
period  suddenly  diminished,  and  the  first  sign  of  efflorescence 
began  to  show  itself  upon  the  edges  of  the  crystals. 

Two  determinations  of  adhering  water  made  in  this  way  gave 
respectively  1'39  and  1'21'  per  cent. 

The  dry  crystals  were  then  exposed  in  vacuo,  over  oil  of  vitriol, 
until  thev  ceased  to  lose  weiiiht. 

Tlie  ctllorcsccd  hvdiatc  tlms  obtained  was  heated  to  dull  redness 
in  a  closely  covered  silver  crucible,  and  weighed,  at  intervals  of 
four  or  five  minutes,  until  it  began  to  increase  in  weight  slightly, 
from  absorption  of  carbonic  acid. 

The  baryta  was  also  precipitated  and  determined  as  sulphate, 
both  in  the  original  dry  crystals  and  in  the  effloresced  hydrate. 

The  subjoined  table  coutains  the  results  of  these  experiments, 
calculated  for  100  parts  of  the  dry  crystallised  hydrate. 


• 

Calculated  n?a  =  Cft  5) 

I 

11 

III 

IV 

V 

VI       Mean.             UaO.llO  +  liO  +  7Aq. 

in  vacuo 
on  ignition 

39-3G 
5  93 

39-30 

cot 

3969 
6-12 

39  St 
48-12 

39-63 
4S-12 

39-56|  ,3.59           40-00)  ,5    1 
C03)                       5-71> 
482G    48-26                                   48-57 

Bal-3-tl 

These  numbers  appear  to  warrant  the  conclusion  that  the 
formula  of  the  crystallised  hydrate  of  baryta  is  ]kiO,I10  +  8Aq., 
and  that  of  the  effloresced  hydrate  BaO,IIO  +  Aq,  the  pure 
liydrate  BaO.HO  being  obtained  by  igniting  the  latter. 

The  effloresced  hydrate  suftered  no  more  loss  of  water  at  :212^  F, 
even  in  vacuo. 

It  is  worthv  of  notice  that  this  effloresced  hvdrate  evolved  much 
heat  when  moistened  with  water. 

The  crystallised  hydrate  of  strontia  was  also  prepared  by  decom- 
posing the  nitrate  of  strontia  with  hydrate  of  soda  at  the  boiling 
point;  in  this  case  nearly  2  eqs.  of  the  hydrate  were  employed  for 
each  equivalent  of  nitrate  of  strontia,  and  this  salt  was  found  to 
have  been  completely  decomposed.  The  liydrate  of  strontia,  how- 
ever, did  not  dissolve  in  the  liquid,  like  the  hydrate  of  baryta,  but 
separated  in  the  form  of  a  granular  precipitate,  wliich  had  the 
same  composition  as  the  crystallised  hydrate.  On  pouring  off  the 
solution  containing  the  nitrate  of  soda,  and  boiling  this  granular 
precipitate  witli  successive  portions  of  water,  very  large  and  beau- 
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tit'ul  crystals  were  obtained,  which  were  pari  lied  by  recrystallisa- 
tioii. 

The  ervstals  elHoreseed  in  the  same  w;\v  as  tliosc  of  hydrate  of 
barvta.      Thev  were  analysed  in   a  simihir  manner,  the  strontia 

•  •  • 

bcin^  completely  precipitated  by  sulphuric  acid   and  alcohol,   and 
the  sulphate  of  strontia  subsequently  washed  with  alcohol. 
The  results  are  seen  in  the  followiu'j:  table. 

Calculated  (Sr  =  43-8) 
1  11         III         IV        Mean.  Srt),HO  +  110  +  7Aq. 

Water  l«T«t  iu  TJinio        .  ■     47  79    47-75  ^"^nfiOlO  ^^  ^^^  C1(I0 

..     nn  iLM.ition    .  .     12-61     12  65  12-C3 )  Ur^d^ 

SlronUa  ■    Stt  1:2    8U04    3912    89  OC  39  00 

It  appears  then,  as  would  be  expected,  that  the  formula  of  the 
crystallised  hydrate  of  strontia  is  SrOJIO  +  8Aq,  and  that  of  the 
cfiloresced  hydrate  SrO,lIC)  +  Aq,  but  that  when  this  latter  is 
lieated  to  dull  redness,  it  loses  the  whole  of  its  water,  anhydrous 
strontia  bcinjj:  left.* 

The  ellloresced  hydrate  did  not  lose  any  more  water  in  the 
water-oyen  at  212°  F,  but  when  raised  to  this  temperature  in 
yacuo,  it  lost  1289  per  cent.,  or  exactly  one  equiyalent  of  water, 
ihus  becomin<j  converted  into  the  simple  hydrate  SrO,lIO.t 

Both  this  and  the  effloresced  hydrate  evolved  heat  when  moistened 
with  water. 

The  inferior  power  possessed  by  strontia  to  retain  these  two  last 
equivalents  of  water,  is  another  interesting^  example  of  the  j^rada- 
tion  constantly  observed  in  the  properties  of  baryta  and  strontia; 
and  I  must  express  my  regret  that  want  of  leisure  jn-ecludcs  me, 
for  the  present,  from  examining  the  crystallised  hydrate  of  lime, 
which  may  be  expected  to  occu})y  a  still  lower  position  with 
respect  to  its  power  of  retainiup  water  of  crystallisation. 


*  1  find  that  thU  circumatancc  ha<l  been  already  pointed  out  bvDenham  Smith 
(Phil.  Mag.  [8],  ix,  87),  altbough  chemical  writers  have  still  represented  the  hydrate 
c»f  strontia  as  permanent  at  a  red  heat. 

t  The  efflorcaTcd  hydrate  also  lost  nearly  the  wljolc  of  its  second  equivalent  of 
water  when  exposed  for  a  very  long  time  over  very  concentrated  oil  of  vitriol,  in 
facuo. 


ni 
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(Continued  from  Vol.  X.,  p.  211.) 

4.  Action  of  Xitrous  Acid  upon  NitrophenyltnC'diuinine. 

TiiK  experihieiits  of  (lottlicb  liave  sliowii  that  ilinitropliciiyl- 
amiiic,  when  boiled  with  sulpliide  of  aminoniuni,  is  converted 
into  a  remarkable  base  crystallising  in  crimson  needles,  generally 
known  as  Nitrazopheuyhiminc,  and  for  which,  in  accordance  with 
the  views  I  entertain  roj::arding  its  constitntion,  I  now  proi)Ose  the 
name  Nitrop/wni/lenc-dianiine.  I  owe  to  the  kindness  of  Dr. 
A'incent  Hall  a  considerable  qnantity  of  this  substance  which  is 
not  quite  easily  procured.  In  preparing  it,  Dr.  Hall  has,  in  the 
first  place,  followed  the  succession  of  processes  recommended  by 
Gottlieb,  viz.,  treatment  of  phenyl-citraconimidc  (citraconauile) 
with  nitro-sulphuric  acid,  transformation  of  the  nitro-substitute  into 
diuitrophenylamine,  and  the  reduction  of  the  latter  by  sulphide  of 
ammonium.  In  other  experiments  Dr.  Hall  has  availed  himself 
witli  the  same  advantage  of  phenyl-succinimide(succinanile),  which, 
under  the  influence  of  a  mixture  of  nitric  and  sulphuric  acid, 
exhibits  a  deportment  similar  to  that  of  the  citraconyl-body. 
Dinitrophcnyl-succinimide  is  readily  transformed  into  dinitro- 
phenylamine,  which  ultimately  yields  the  crimson-coloured  com- 
pound. 

To  the  accurate  description  Mhich  (lottlicb  has  pven  of  the 
preparation  and  the  properties  of  this  substance,  1  have  scarcely 
to  add  a  single  word.  The  following  remarks  refer  to  an  experi- 
ment made  with  the  view  of  obtaining  some  insight  into  the 
molecular  construction  of  the  body.  If,  bearing  in  mind  the 
numerous  analogies  of  the  radicals  ethyl  and  phenyl,  we  assume 
tliat  the  latter  bv  the  loss  of  livdrogen  mav  be  converted  into  a 
diatomic  molecule  pheuylcne,  C,-II^,*  cori'csponding  to  etliylenc, 
the  existence  of  a  group  of  phenylene-bases  corresponding  to  the 
cthylene-bascs  cannot  be  doubted. 


H  =  l,  C  =  12,  0  =  16,  S  =  32,  etc. 


e2 
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C,U,)  _  (C,H,)- 

Etlivlaminc  H   >•  N  Ktliylcnc-diamiuc         ll.,     >•  N2 

H  11: 


H  >■  N  Plicnvlciie-diamine      II . 

H  *  h; 


Phciivlamine       H  >■  N  Plicnvlciie-diamine      II ^     V  Nj. 


Tlic  compound  known  as  scmi1)cnzidani  or  azoplienylamine, 
whicli  Zinin  obtained  by  exhausting  the  action  of  sulphide  of 
ammonium  on  dinitrobenzol,  as^rees  witli  the  last-named  body  in 
composition.  Those  chemists,  however, uho  have  had  an  opportunity 
of  beeomin":  aCviuainted  with  the  well-defined  properties  of  ethylene- 
diamine,  will  not  easily  be  persuaded  to  consider  the  uncouth 
dinitrobenzol -product,  sometimes  appearing  in  brown  flidtcs, 
sometimes  as  a  yellow  resin  rapidly  turning  green  in  contact  with 
the  air,  as  standing  to  phenylaminc  in  a  relation  similar  to  that 
which  obtains  between  ethylene-diamine  and  ethylamine.  AVc 
much  more  readily  admit  a  connection  of  this  description  between 
phenylaminc  and  Gottlieb^s  crimson-coloured  base,  in  which  the 
clearly  pronounced  character  of  the  former  is  still  distinctly 
visible,  although  of  neee>sity,  modified  by  the  further  substitution 
which  has  taken  place  within  the  radical. 

Phenvlamine 


Phenylene-diaraine  (?) 

(C„[Il3,  NO,])" 
Xitrophenylenc-diaminc  II2  Y  'N^- 

Does  the  latter  formula  really  represent  the  molecular  constitu- 
tion of  the  crimson  needles?  The  degree  of  substitution  of  this 
body  might  have  been  determined  by  the  frequently  adopted  pro- 
cess of  ethyl ation.  But  even  a  simpler  and  shorter  method 
appeared  to  present  itself  in  the  beautiful  mode  of  substituting 
nitrogen  into  the  place  of  hydrogen,  lately  discovered  by  P.  Griess. 
The  red  cr^'stals  undergo  indeed  with  the  greatest  facility  the 
transformation,  which  he  has  proved  already  for  a  great  many 
derivatives  of  ammonia. 
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On  passing  a  current  of  nitrous  acid  into  a  niofleratcly  con- 
centrated solution  of  the  nitrate  of  tlic  base,  the  litjuid  becomes 
gently  lieated,  and  deposits,  on  cooling,  a  considerable  t|uantity  of 
brilliant  Mhite  needles,  the  purification  of  wliicli  })rcs('nt3  no 
dilKculty  ;  being  sparingly  soluble  in  cold,  icadily  soluble  in 
boiling  water,  the  new  compound  requires  only  to  be  once  or 
twice  re-crystallised.  Thus  purified,  the  new  sui)stancc  forms  long 
prismatic  crystals  frecpiently  interlaced,  white  as  long  as  they  are 
in  the  solution,  but  assuming  a  slightly  yellowish  tint  when  drit-d, 
and  especially  when  exposed  to  100°;  they  are  readily  soluble  both 
in  alcohol  and  in  ether.  The  new  body  exhibits  a  distinctly  acid 
reaction ;  it  dissolves  on  application  of  a  gentle  heat  in  potassa 
and  ammonia,  without,  however  neutralizing  the  alkaline  character 
of  these  bases;  it  also  dissolves  in  the  alkaline  carbonates,  but 
without  expelling  their  carbonic  acid.  The  new  acid  fuses  at 
211°  C,  and  sublimes  at  a  somewhat  higher  temperature,  with 
partial  decomposition.  The  sublimate  consists  of  small  prismatic 
crystals.     Analysis  gave  the  following  results: — 

I.  0-3290  grm.  acid  dried  at  100",  gave 
0-5298     „       carbonic  acid,  and 
0-0777     „       water. 

II.  0*2868  grm.  acid  gave  81  cc.  moist  nitrogen  at  15°,  and 
0-7583  Bar.  (corr.) 

These  numbers  lead  to  the  ratio: — 

and,  the  origin  of  the  substance  being  taken  into  consideration,  to 

the  formula : — 

CgH.N.O,. 

Theory.  Experiment. 

I.  H. 

43  92  — 

2-62  — 

—  31-32 


Co 

72 

43-90 

H4 

4 

2-14 

N4 

56 

3115 

0. 

32 

19-51 

164       100-00 


This  formuli  is  confirmed  by  the   analysis  of  the  silver-  and  of 
the  potassium-compound. 
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Silver-salt,  This  salt  is  obtained  in  tlie  form  of  a  white 
amorphous  precipitate  on  mixing  the  saturated  ammonia-solution 
of  the  acid  with  nitrate  of  silver.  In  vacuo  this  salt  may  be  dried 
without  decomposition;  at  100°  it  becomes  slightly  coloured; 
when  gently  heated  on  platinum  foil  it  detonates.  The  silver 
therefore  had  to  be  estimated  as  chloride. 


I.     0*4215  grm.  silver-salt  gave 
0*4068     ,,      carbonic  acid,  and 
0-0487     J,      water. 


II.     0*2984     ;,      silver-salt  gave 
0*1574     ,,      chloride  of  silver. 


The  formula  C6[H3Ag]  N^02  involves  the  following  valiies  : — 


Theory. 

Experiment. 
L                   n. 

Ce 

72 

26-57 

26-32 

H3 

3 

1*11 

1-28           — 

Ag 

108 

39*85 

• 

39*67 

N4 

56 

20*66 

0, 

32 
271 

11-81 

100-00 

Potassium- salt.  Obtained  in  pretty  well -formed,  flattened 
prisms,  by  saturating  a  moderately  concentrated  boiling  solution 
of  potassa  with  the  acid;  the  crystals  are  difficultly  soluble  in 
potassa,  but  exceedingly  soluble  in  pure  water  and  in  alcohol ;  the 
recrystallization  is  therefore  attended  with  very  considerable  loss. 
The  aqueous  solution  of  the  salt  yields  a  crystalline  precipitate  on 
addition  of  potassa.  The  salt,  even  after  four  or  five  recrystal- 
lizations  from  alcohol,  retains  a  distinctly  alkaline  reaction.  Its 
composition  was  fixed  by  a  potassium  determination. 


0*2012  grm.  salt  dried  at  100°  gave 
0-0857     „     sulphate  of  potassium. 
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The  formula  Cg  [H3K]  'N^O^  requires  tlie  following  values  :■— ■ 

Experiment. 


19-10 


Theory. 

c« 

72 

35-64 

H3 

3 

1-48 

K 

39 

19-31 

N4 

56 

27-72 

0. 

32 

15-85 

202         10000 

With  regard  to  the  other  salts,  I  have  made  but  few  observa- 
tions. 

The  ammonium-salt  crystallizes  in  needles.  It  has_,  hoAvever, 
but  little  stability,  losing  the  whole  of  the  ammonia  when  re- 
peatedly recrystallized.  The  solution  of  this  salt  exhibits  with 
metallic  oxides  the  following  deportment. 

Barium  and  calcium-salts  are  not  precipitated.  Salts  of  copper 
give  a  light  blue,  salts  of  nickel  a  light  green  precipitate.  The 
solution  of  a  ferrous  salt  produces  a  deep  brown-red  precipitate, 
probably  with  simultaneous  decomposition  of  the  acid;  the  solution 
of  a  ferric  salt,  a  light  fawn-coloured  precipitate.  The  salts  of 
lead,  zinc,  manganese,  and  mercury  [mercurosum  and  mercuricum) j 
furnish  white  flaky  precipitates. 

The  analysis  of  the  new  compound  shows  that,  under  the 
influence  of  nitrous  acid  on  nitrophenylene-diamine,  one  molecule 
of  nitrogen  is  substituted  into  the  place  of  three  molecules  of 
hydrogen,  which  are  eliminated  in  the  form  of  water 

CfiH7N302   +   HNO,  =  2H2O   +   C6[H^N]N302 


Nitrophenylene-  New  acid, 

diamine. 

I  do  not  propose  a  name  for  the  new  compound,  which  can  claim 
but  a  passing  interest,  as  throwing  by  its  formation  some  light  on 
the  constitution  of  nitrophenylene-diamine. 

The  composition  of  the  new  acid  and  of  its  salts  shows  that  in 
the  crimson  base  four  hydrogen  molecules  are  still  capable  of 
replacement ;  in  other  words,  that  this  body  still  contains  four 
extra-radical  molecules  of  hydrogen.  These  experimcuts  appear 
to  confirm  the  view  which  in  the  commencement  of  this  notCj 
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I  have  taken  of  the  constitution  of  tlir  body;  at  all  events,  the 
mutual  relation  of  the  several  eonipounils  is  satisfactorily  illus- 
trated bv  the  formula! — 


Xitrophcnylcnc-cliamine 


(C,[ir,>-o,,i)" 


11,   3 


(Ce[ll3X0,])"- 
Xowacid  N'"     V  N„ 

II        ^ 

(C,[II,XO  ])■ 
Silver-salt  W"     V  N, 

Ag 

If  the  admissibility  of  this  interpretation  be  confirmed  1)y 
further  (xperiments,  the  reaction  discovered  by  Griess  furnishes 
a  new  and  valuable  method  of  recognising  the  degree  of  substitu- 
tion in  the  derivatives  of  ammonia. 

The  new  acid  differs  in  many  respects  from  the  substances 
similarly  produced  from  other  nitrogenous  compounds.  As  a 
class,  these  substances  are  remarkable  for  the  facility  with 
which  they  are  changed  under  the  influence  of  acids  and  more 
especially  of  bases.  The  new  acid  exhibits  remarkable  stability ; 
it  may  be  boiled  either  with  potassa  or  with  hydrochloric  acid 
-without  undergoing  the  slightest  change.  Even  a  current  of 
jiitrous  acid  passed  into  either  the  acpieous  or  alcoholic  solu- 
tion is  without  the  slightest  effect.  The  latter  experiment  was 
repeatedly  performed ;  for  if  the  action  of  nitrous  acid  in  a  second 
phase  of  the  process  had  assumed  the  form  so  frequently  observed 
by  Piria  and  others,  it  might  have  led  to  the  formation  of  the 
diatomic  nitrophenylene-aleohol,  according  to  the  equation 

h'      ^N,+211NO,=  21IjO  +  N,+  ^O,. 

H,    )  n,    ) 

It  deserves  to  be  noticed  that  nitrophenylenc-diamine,  although 
derived    from    two    molecules    of   ammonia,   is,    nevertheless,    a 
decidedly  mono-acid  base,     (iottlieb's  analyses  of  the  chloride,  i 
nitrate,  and  sulphate,  left  scarcely  a  doubt  on  this  point.     How- 
ever,  as   some   of  the    natural    basics,   quinine,  for    instance,   arc 
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capablr  of  combining  citlicr  with  one  or  >vith  two  molecules  of 
acid,  I  tlionj;ht  it  of  suflicient  interest  to  confirm  (Jottlicb'H 
o])srrvations  by  some  additional  experiments.  The  crystals  depo- 
sited on  cooling  from  a  solution  of  nitrophenylene-diamine  in 
concentrated  hydrochloric  acid  were  washed  with  the  same  litpiid, 
and  dried  in  vacuo  over  lime. 

O^yrr)  gmi.  suljstancc  gave 

()-3()()5     „     chloride  of  silver  =  lS-70  p.  e.  of  chlorine. 


The  furmula 


(Ce[ll3,N(),])" 
11  -I  II2 

Ho 


retpiires  18*73  ]).  c.  of  chlorine. 

The  dilute  solution  of  the  previous  salt  is  not  precipitated  by 
diehloridc  of  platinum;  nor  could  the  double  salt  of  the  two 
chlorides  be  obtained  by  evaporating  the  mixture  of  the  two 
ijulutions,  which,  just  as  Gottlieb  observed,  was  readily  decom- 
posed with  separation  of  metallic  i)latinuui.  I  had,  however,  no 
diflieulty  in  preparing  a  i)latinuni-salt,  crystallizing  iji  splendid 
long  brown-red  prisms,  by  adding  the  j)latinum  solution  to  the 
concentrated  solution  of  the  hvdroehlorate. 

0*4225  grm.  of  the  jdatinum-salt  dried  in  vacuo,  left  on  ignition 
Olio  grm.  =  27"22  p.  c.  of  platinum. 

The  theoretical  percentage  of  the  formula 

(C,[Jl3,NO,]) 


II 


H, 


N., 


('],Pt  CI 


is  27*48  p.  c.  of  platinum. 

These  experiments  prove  that,  even  under  the  most  favourable 
circumstances,  nitrophenylene-diamine  combines  with  only  1  eq. 
of  acid,  while  the  ethvleue-derivatives  are  decidedlv  diaeid.  The 
diminution  of  saturating  power  in  Ditrophenylene-diamino  at  the 
first  glance  seems  somewhat  anomalous;  but  the  anomaly  disap- 
pears if  the  constitution  of  the  body  be  more  accurately  examined. 
It  cannot  be  doubted  that  the  diminution  of  the  saturating  power 
is  due  to  the  substitution  which  has  taken  place  within  the  radical 
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of  the  diamine.  I  pointed  ont  some  time  ago,*  that  the  basic 
cliaracter  of  plicnylamine  itself  is  considerably  modified  by  suc- 
cessive changes  induced  in  the  phenyl-radical  by  substitution, 
rhlorphcnylamine,  though  less  basic  than  the  normal  compound, 
still  forms  well-defined  salts  with  the  acids ;  the  salts  of  dichlor- 
phenylamine,  on  the  other  hand,  are  so  feeble,  that  under  the 
inrtucnee  of  boiling  water  they  are  spbt  into  their  constituents; 
and  in  trichloq)hcnylamine  the  basic  character  has  entirely  dis- 
appeared. Again,  on  examining  the  nitro-substitutes  of  pheny- 
laminc,  wc  find  that  even  nitrophcnylamine  is  an  exceedingly  weak 
base,  whilst  dinitrophenylaminc  is  perfectly  indifferent.  AVhat 
wonder,  then,  that  a  molecular  system,  to  which,  in  the  normal 
condition,  we  attribute  a  diacid  character,  should,  by  the  insertion 
of  special  radicals,  be  reduced  to  monoacidity?  The  normal 
phenylcne-diaminc,  which  remains  to  be  discovered,  will,  doubt- 
less, be  found  to  be  diacid,  like  the  diamines  derived  from 
ethylene.  Even  now  the  group  of  diacid  diamines  is  represented 
in  the  naphtyl-series. 


iSaphtylamine 


Naphtylene-diaminc 


C10H7 


(C.oHe) 


N,  monoacid. 


N2,  diacid. 


The  body  which  I  designate  by  the  term  naphtylene-diamine  is 
the  base  which  Zinin  obtained  by  the  final  action  of  sulphide  of 
ammonium  upon  dinitronaphtalin.  This  substance,  originally 
designated  as  seminaphtalidam,  and  subsequently  described  as 
naphtalidine,  combines,  according  to  Zinin^s  experiments,  with 
two  equivalents  of  hydrochloric  acid.f 

I  must  add  a  remark  suggested  by  the  perusal  of  an  interest- 
ing paper  lately  published  by  Kolbe.J  In  this  paper,  Kolbe 
refers  to  an  outline  of  the  history  of  ammonia  and  its  derivatives, 
which,  in  the  form  of  an  evening  lecture,  I  gave  to  the  members 
of  this  Society,  and  which  was  subsequently  printed  in  this 
journal. §  Kolbe  regards  many  of  the  ammonia-compounds 
from  a  different  point  of  view   and  expresses  them  by  molecular 

*  Mem.  of  Chem.  Soc,  ii,  298. 
t  Ann.  Ch.  Pharm.  Ixxxv,  328. 

X  Ueber  den  natiirlichen  Zusammenhang  der  organischen  mit  don  unorganischcn 
Verbindungen. — Ann.  Ch.  Pharm.  cxiii,  293. 
§  Chem.  Soc.  Qu.'  J.  xi,  '25'2. 
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formula3  different  from  tliose  Mhicli  I  have  adopted.  It  is  not 
my  intention  to  refer  in  detail  to  tlie  several  questions  wliicli 
he  discusses^  more  especially  sinee  many  of  tlie  theoretical  views 
in  which  we  difl'er  were  hrouG^ht  forward  M)v  others,  and  were 
simply  introdnced  into  the  sketch  with  the  view  of  renderinj^  it  as 
complete  as  possible ;  yet  I  must  not  allow  this  opportunity  to 
pass  without  a  word  or  two  in  elucidation  of  a  (picstio^i  on  which 
we  differ  more  in  appearance  than  in  reality. 

In  classifying  the  basic  ammonia-derivatives,  I  proposed  to 
des^ignate  the  substances  formed  by  the  coalescence  of  more  than 
one  molecule  of  ammonia,  in  accordance  with  the  nomenclature 
adopted  for  the  neutral  derivatives,  and  to  distinguish,  as  raona- 
mines,  diamines,  and  triamines,  the  bases  derived  from  one,  two, 
or  three  molecules  of  ammonia.  In  a  classification  of  this  kind 
the  circumstance  could  not  be  left  unnoticed,  that  many  of  the 
diamines  and  triamines  combine  with  one  equivalent  of  acid 
only,  instead  of  saturating,  as  might  have  been  expected  from 
their  construction,  two  or  three  equivalents.  I  was  thus  natu- 
rally led  to  subdivide  again,  and  to  distinguisli,  for  instance, 
monoacid  and  diacid  diamines,  and  I  added :  ^^  It  is  obvious  that 
the  question,  whether  a  diamine  is  capable  of  uniting  with  one  or 
two  equivalents  of  acid,  must  be  intimately  connected  with  the 
molecular  construction  of  the  basic  system.  As  yet  the  nature 
of  this  connection  remains  unknown.'^ 

In  the  paper  quoted,  Kolbe  remarks:  ^'' There  appears  no 
reason  why,  among  the  bodies  derived  from  two  molecules  of 
ammonia,  there  should  be,  side  by  side  witli  the  diatomic  sub- 
stances, others  yielding  monoatomie  ammonium-compounds.  I 
cannot,  therefore,  consent  to  regard  the  ureas,  melaniline,  and 
other  bases  containing  two  atoms  of  nitrogen,  as  true  diamines." 

It  is  scai'cely  necessary  to  state  that  I  entirely  agree  with  my 
friend  if  he  views  as  true  diamines  those  bases  which  unite  with 
two  equivalents  of  acid;  for  it  is  proved  experimentally,  that  the 
ureas  and  melaniline  combine  with  one  equivalent  of  acid  only. 
All  depends  upon  the  definition  of  the  word  diamine,  I  had  de- 
signated by  this  name  basic  compounds  derived  from  two  molecules 
of  ammonia,  without  reference  to  the  degree  of  saturating  power ; 
and  even  now  it  appears  to  me  somewhat  arbitrary  to  limit  this 
term  to  those  substances  which  unite  with  two  equivalents  of  acid, 
especially  since  there  are  diatomic  bases  wliich  arc  capaljle  of 
combining  either  with  one  or  with  two  equivalents  of  acid. 
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5.  Action  of  Bisulj}hi(le  of  Carbon  iipon  Annj/aminc, 

In  a  note  on  tlie  allcj^cd  transformation  of  tliinldinc  into  leucine, 
eonnnunieateil  sonic  time  aii:o*  to  the  Chemical  Society,  1  aUuded 
to  a  cry!?tallinc  substance  ol)serve(l  by  Waj;ncr,  uhen  lie  sub- 
mitted amylamine  to  the  action  of  l)isulplii{le  of  carbon.  AVagncr 
had  not  analysed  this  substance,,  but,  consi(k'ring  its  mode  of 
formation,  he  had  suggested  that  it  might  possiljly  be  thiuldine : 

C5H,3K  +  CS,  =  0,11,3X8,1- 

Amylamine.  ThiaUliue. 

A  simple  comparison  of  the  properties  of  thialdine  with  those 
of  the  substance  produced  by  the  action  of  bisulphide  of  carbon 
upon  amylamine,  had  enabled  me  at  once  to  recognise  the  differ- 
cucc  between  the  two  bodies ;  and,  satisfied  with  the  result,  I  had 
not  at  the  time  examined  more  minutely  into  the  nature  of  the 
latter  substance. 

The  new  interest  conferred  by  recent  researches  upon  leucine 
and  its  homologues,  has  recalled  my  attention  to  the  sulphuretted 
derivative  of  amylamine. 

This  body  may  be  readily  procured  by  mixing  anhydrous  amyl- 
amine with  a  solution  of  dry  bisulphide  of  carbon  in  anhydrous 
ether.  The  mixture  becomes  warm,  and  deposits,  on  cooling, 
white  shining  scales,  which  are  insoluble  in  ether,  and  may  there- 
fore be  purified  by  washing  them  with  this  liquid.  The  new  body 
is  likewise  insoluble  in  water,  but  readily  dissolves  in  alcohol ; 
when  dry,  it  may  be  exposed  for  a  while  to  a  temperature  of 
100' C.  without  fusing;  after  some  time,  however,  the  substance 
begins  to  be  liquefied  and  to  undergo  complete  decomposition, 
sulphuretted  hydrogen  being  evolved.  The  same  change  occurs, 
although  more  slowly,  at  the  common  temperature  ;  a  mixture  of 
free  sulphur  with  a  new  crystalline  body,  extremely  fusible,  inso- 
luble in  water,  but  soluble  both  in  alcohol  and  ether,  remaining 
behind. 

I.  0*274  grm.  of  the  araylamine-body  burnt  with  a  mixture  of 
oxide  of  copper  and  chromate  of  lead,  gave  0535  grm.  of  carbonic 
acid,  and  02535  grm.  of  water. 

•  Cbem,  Soc.  Qu.  J.  x,  193.  t  H  =  l,  C  =  12,  0  =  16,  8=32. 
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II.  0*129  tri'ni.  of  substanco,  dissolved  in  alcohol  and  l)i)llt'd  Ujv 
some  time  with  nitrate  of  silver,  gave  0*837  ^rni.  of  sulphide  of 
silver. 

These  numbers  lead  to  the  formula 


Cu 

Thcorv. 

132 

52-8 

Kxpcrim 
53-25 

cnt. 
II. 

".« 

26 

101 

10-28 

N., 

28 

11-2 

S, 

61 

25*6 

251  7 

250  1000 

The  new  substance  then  is  formed  simply  by  the  union  of  two  moh? 
cules  of  amylamine  with  one  molecule  of  bisulphide  of  carbon. 

2C,u,,y  +  cs,  =  c„ir,„N,s, 


Amylamine.  New  compound. 

A  glance  at  this  formula  suffices  to  characterize  this  substance 
as  amyl-sulphocarbamate  of  amylammonium. 

c  nxs  -  [(CS)"  (cji,,)  iix]>  g 

This  view  is  readily  confirmed  by  experiment.  Addition  of 
hydrochloric  acid  to  the  crystalline  comi)ound  immediately  sepa- 
rates  an  oily  liquid  which  gradually  solidifies,  and  the  acid  solu- 
tion then  contains  amylamine  which  mav  be  liberated  by  potassa. 
The  oily  substance  is  obviously  amyl-sulphocarbamic  acid.  This 
body  is  readily  soluble  in  ether,  by  Avhich  it  may  be  separated  from 
the  chloride  of  amylammonium  :  it  dissolves  in  ammonia  and  in 
potassa;  mixed  with  amylamine  it  reproduces  the  original  crystal- 
line compound. 

Experiments  with  ethylamine  have  furnished  perfectly  analogous 
results.  I  have  been  satisfied  to  establish  qualitatively  the 
analogy  of  the  reactions. 

It  is  of  some  interest  to  compare  the  deportment  of  amylamine 
under  the  influence  of  bisulphide  of  carbon  with  that  of  i)henyl- 
amine  in  the  same  conditions.     If  these  two  bodies  gave  rise  to 
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similar  changes,  we  sliould  expect,  in  the  case  of  phenylamiue,  the 
formation  of  phenyl-sulphocarbamate  of  plienylararaonium.  But 
experiment  proves  that  plienylaminc  produces  diphenyl-sulphocar- 
honyl-diamide  (sulphocarbanilide),  sulphuretted  hydrogen  being 
evolved  : — 

2C6H7N    +   CS.   =   C^alli^NaS    +   II.^S. 


Phenylamine.  Di  phenyl -siilpho- 

carbonvl-diamidc. 


Nevertheless  it  is  extremely  probable  that  further  experiments 
will  establish  the  perfect  analogy  in  the  deportment  of  amylamine 
and  phenylamine  with  bisulphide  of  carbon.  Diphenyl-sulpho- 
carbonyl-diamide  is  probably  the  product  of  decomposition  of  a 
very  unstable  phenyl-sulphocarbamate  of  phenylammonium — 

C,3H,,N,S,     =     H,S     +     C,3H,,N,S, 


Phcnvl-sulphocarba-  Diphenyl-sulpho- 

mate  of  phcnylam-  carbonyl-diamide. 

monium. 

while  a  more  minute  examination  of  the  crystalline  substance 
obtained  by  the  action  of  heat  upon  amyl-sulphocarbamate  of 
amylammonium  cannot  fail  to  characterize  it  as  diamyl-sulphocar- 
bonvl-diamide. 


Amyl-sulphocarba-  Diamyl-sulphocar- 

mate  of  amylam-  bonyl-diamide. 

monium. 

The  apparent  dissimilarity  of  the  two  reactions  would  thus  be 
reduced  to  the  unequal  stability  of  the  sulphocarbamic  acids  of  the 
amyl-  and  phenyl-series. 


6.   On  the  use  of  Pent  a  chloride  of  Antimony  in  the  Prej)aration  of 

Chlorine -compounds. 

Under  a  cloudless  sky  nobody  would  think  of  preparing  the 
tetrachloride  of  carbon  by  any  other  process  than  by  acting  with 
chlorine  upon  chloroform.  Exposed  to  direct  sunlight,  chloro- 
fonn,  when  distilled  in  an  atmosphere  of  chlorine,  is  rapidly 
converted  into  tetrachloride  of  carbon.  A  London  November  sky- 
is,  however,  rather  unfavourable  to  this  process,  and  when  requir- 
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ing  lately,  for  some  experiments,  a  snuill  (lUiintity  of  the  tetra- 
ehloride,  I  was  compelled  to  have  recourse  to  another  method. 
A  well-known  process,  for  which  we  are  indebted  to  Prof.  Kolbe, 
consists  in  submitting  the  bisulphide  of  carbon  to  the  action  of 
chlorine  at  a  red  heat,  when  chloride  of  sulphur  and  chloride  of 
carbon  are  formed.  I  have  repeatedly  availed  myself  of  this 
process,  which,  when  a  large  quantity  of  chloride  of  carbon  is 
to  be  prepared,  leaves  nothing  to  be  desired.  AVhen,  however,  a 
small  amount  is  rapidly  required,  the  apparatus  involved  in  this 
process  becomes  rather  inconveniently  troublesome. 

I  have,  therefore,  endeavoured  to  substitute  chlorine  in  a  state 
of  combination  for  the  free  chlorine.  Pentachloride  of  phos- 
phorus, as  is  well  known,  exerts  so  little  action  upon  bisulphide  of 
carbon,  that  it  has  been  found  convenient  to  prepare  the  penta- 
chloride of  phosphorus  by  saturating  a  solution  of  i)hosphorus  in 
Ijisulphidc  of  carbon  with  chlorine  gas.  There  is  likewise,  no 
reaction  between  pentachloride  of  phosphorus  and  bisulphide  of 
carbon  at  100°  under  pressure  ;  it  is  only  at  a  higher  temperature 
that  an  action  takes  place.  A  very  different  result  is  ol)tained 
when  the  latter  compound  is  submitted  to  the  action  of  penta- 
chloride of  antimony,  the  chlorinating  properties  of  which  were 
first  noticed  by  Wohlcr. 

On  adding  pentachloride  of  antimony  to  bisulphide  of  carbon,  a 
transparent  mixture  is  obtained,  which  exhibits,  after  a  few 
minutes,  a  powerful  reaction,  becoming  very  hot,  and  assuming  a 
dark  reddish-brown  colour ;  the  mixture  deposits  on  cooling  a 
copious  crystallization  of  terchloride  of  antimony,  interspersed  with 
well-formed  sulphur-crystals.  The  liquid  poured  off  from  the 
crystals  consists  chiefly  of  tetrachloride  of  carbon,  retaining  some 
bisulphide  of  carbon,  chloride  of  sulphur,  and  terchloride  of 
antimony  : — 

CS2   +  2SbCl.   =   CCl^   4-   2SbCl3   +   S^. 

I  had  expected  that  the  reaction  would  give  rise  to  the  forma- 
tion of  a  compound  SbCl^S ;  but  I  have  always  found  that  the 
terchloride  of  antimony  and  the  sulphur  are  separately  deposited ; 
and  the  same  observation  was  made  by  ^Ir.  II.  !McLeod,  who  has 
frequently  carried  out  this  reaction  in  my  laboratory,  modifying 
the  proportions  and  the  conditions  of  the  experiment  to  a  consi- 
derable extent.  The  small  quantity  of  chloride  of  sulphur,  which 
is  simultaneously  formed,  appears  to  be  the  product  of  a  secondary 
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reaction,  a  portion  of  tlic  poiitaclilorlilc  not  yet  acted  upon  being 
reduced  by  tlie  separated  sulpbur. 

If  the  experiment  be  made  with  a  couple  of  ounces,  the  two 
liipiids  nuist  be  mixed  in  a  flask  provided  witli  a  vertical  cooling' 
apparatus;  the  reaction  is  so  powerful,  that  a  considerable 
quantity  of  the  material  would  l)e  lost  without  this  precaution. 
AViiilst  studying:  this  process,  I  have  allowed  the  two  liquids  to 
act  upon  each  other  in  various  proportions :  on  employing  1  eq, 
of  bisulphide  of  carbon  (1  })art  by  weight)  and  2  eq.  of  penta- 
chloride  of  antimony  (8  parts  by  weight)  the  decomposition  is 
pretty  complete ;  on  account  of  the  formation  of  chloride  of 
sulphur,  however,  the  theoretical  quantity  of  chloride  of  carbon  is 
never  reached.  The  process  yields  a  much  more  copious  result 
when  the  pentachloridc  of  antimony  is  mixed  with  a  considerable 
excess  of  bisuli)hidc  of  carbon,  and  the  mixture,  whilst  boiling  in 
a  retort,  is  submitted  to  the  action  of  a  current  of  chlorine  gas. 
In  this  manner  large  quantities  of  bisulphide  of  carbon  may  be 
transformed  into  the  tetrachloride  by  the  intervention  of  a  com- 
paratively small  quantity  of  pentachloridc  of  antimony. 

In  order  to  purify  the  tetrachloride  of  carbon,  the  product  of 
the  reaction  is  submitted  to  distillation;  the  liquid  passing  over 
below  KK)^  is  boiled  for  some  time  with  a  solution  of  potassa, 
which  removes  terehloride  of  antimony  and  chloride  of  sulphur, 
together  with  any  undecomposed  bisulphide  of  carbon.  From  the 
product,  boiling  at  a  higher  temperature,  a  considerable  quantity 
of  pure  terehloride  of  antimony  may  be  recovered. 

The  tetrachloride  obtained  by  this  process  exhibits  all  the 
propci-ties  of  the  product  obtained  by  other  modes  of  preparation. 
It  boils  at  77°.  The  determination  of  the  chlorine  gave  the 
following  results : — 

0-195  grm.  of  substance,  ignited  with  lime,  furnished  0'730 
chloride  of  Jrilver. 

Theory.  Experiment. 

C  12  7-70  — 

Cl^         142         92-21  92-56. 

154       10000 

TPentachloride  of  antimony  may  be  used  with  advantage  in  many 
cases  as  a  carrier  of  free  chlorine.  On  heating  a  very  moderate 
quantity  of  pentacldoride  of  antimony  in  a  retort  connected  with 
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an  inverted  eoollng  apparatus,  and  passiii<^  sliuultancoiisly  currents 
of  dry  olcfiant  <^as  and  chlorine  tlirougli  the  boiHng  liquid,  a  verv 
large  amount  of  Dutch  licpiid  may  be  obtained  in  an  e\ceedinf;ly 
short  time.  In  an  atmosphere  of  peutaehloridc  oi'  antimony,  the 
combination  of  the  ethylene  and  the  chlorine  goes  on  witli  the 
greatest  facility.  As  soon  as  the  retort  is  filled  uith  the  Dutch 
liquid,  the  access  of  the  two  gases  is  interrupted,  and  the  li(jiiid 
distilled.  The  i)ortion  bt)iling  below  100^  recpiires  only  to  be 
once  n\orc  rectified  in  order  to  furnish  perfectly  pure  bichloride  of 
ethylene.  The  residue  in  the  retort  consists  of  a  mixture  of 
terchloride  and  pentachloride  of  antimony,  which  may  serve  for  a 
new  experiment. 

The  preparation  of  large  quantities  of  pentachloride  of  antimony 
presents  no  difficulty  whatever,  since  antimony  combines  readily 
with  chlorine  at  the  common  temperature.  A  simple  mode  of 
proceeding  consists  in  introducing  the  antimony,  coarsely  pow- 
dered, into  a  combustion-tube  from  5  to  0  feet  long,  rising  at  an 
angle  of  10°  or  15^,  one  end  of  which  is  fitted  into  one  tubu- 
laturc  of  a  two-necked  glass  globe,  the  other  neck  of  the  globe 
communicating  with  a  tul)e  supplying  dry  chlorine  gas.  The 
cond)ination  taking  i)lace  in  the  tube,  the  product  Hows  backwards 
into  the  globe,  -whilst  the  long  layer  of  antimony  prevents  the 
escape  of  any  chlorine. 


7.   On  D/'/odide  of  Mct/n//c/ie. 

Being  engaged  in  some  experiments  on  the  action  of  chloride  of 
carbon  CCl^  on  the  phosphorus-bases,  I  thought  it  desirable  to 
study  likewise  the  deportment  of  these  substances  under  the 
inlluencc  of  the  corresponding  iodide.  Bearing  in  mind  the 
facility  with  which  chloroform  is  converted  into  chloride  of  carbon, 
I  had  some  hope  of  procuring  the  iodide  by  the  action  of  dry 
iodine  upon  iodoform  : — 

CTIT,  +  T,  =  III  +  n,  (0 

AVhen  a  mixture  of  iodoform  and  iodine,  in  the  equivalent  pro- 
portions of  the  above  equation,  was  exposed  in  sealed  tubes  to  a 
temperature  of  from  140^  to  150'C.,  the  iodoform  was  found  to  be 
changed  after  the  lapse  of  some  hours.  On  opening  the  tubes,  an 
acid  gas  was  evolved;  and  on  distilling  the  dark  solid  residue  with 

VOL.  XIII.  F 
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AVtitcr,  an  aromatic  body  ])assc(l  over,  wliicli  collected  in  the 
receiver  in  tlie  form  of  heavy  oily  drops.  Decolorized  by  potassa 
and  freed  from  ^vater  by  chloride  of  ealcinm,  the  oily  body  boiled 
at  about  180  ,  a  considerable  portit)n  being  decomposed,  with 
evolution  of  hydriodic  acid,  and  the  distillate  reassuming  the  red 
coloration.  The  licjuid  was  therefore  distilled  i?i  vacuo ;  it  then 
passed  over  colourless,  and  Avithout  decomposition,  at  a  tempera- 
ture scarcely  higher  than  the  boiling  point  of  water. 

I.  r222  grm.  of  substance,  burnt  with  ehromatc  of  lead,,  gave 
0*2077  grm.  of  carbonic  acid,  and  0*0800  grm.  of  water. 

II.  0705  grm.  of  substance  burnt  with  lime,  furnished  1*243 
grm.  of  iodide  of  silver. 

These  numbers  represent  the  composition  of  di-iodide  of  methy- 
lene— 

CHJ, 

only  recently  discovered  by  Boutlcrow."^ 

Theory.  Expcrimcut. 

I.  IT. 

C  12  4-48  4-63  — 
H^  2  0-74  0-73  — 
I,  254    94-78  —   95-27 
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The  compound  analysed  was  indeed  pure  di-iodide  of  methylene. 
At  a  temperature  near  the  freezing  point  of  water,  it  solidified  in 
large  crystalline  plates,  and  exhibited  in  every  respect  the  pro- 
perties described  by  F>outlerow.  The  analysis  of  the  substance 
received  moreover  additional  confirmation  in  a  variety  of  substi- 
tutions in  which  it  was  subsequently  employed. 

The  idea  naturally  suggested  itself  that  the  free  iodine  had  no 
share  in  the  formation  of  the  di-iodide  of  methylene  in  the  process 
described,  but  that  the  transformation  of  the  iodoform  was  ex- 
clusively due  to  the  action  of  heat.  Experiment  has  verified  this 
anticipation.  Iodoform,  when  heated  by  itself  in  sealed  tubes,  at 
a  temperature  of  150'^C.  for  several  hours,  furnished,  on  subsequent 
distillation  with  water,  a  very  appreciable  quantity  of  di-iodide  of 
methylene.  A  comparative  experiment,  in  which  I  followed  the 
plan  recommended  by  Boutlcrow  (1  eq.  of  iodoform,  and  3  eqs. 
of  elhylate  of  sodium),  leads  me  to  think  that  the  action  of  heat 

*  Compt.  tend,  xlvi,  5f»o. 
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yields  a  lart^er  product  and  involves  uii  the  -whole  a  tar  less 
troublesome  operation.  The  inequality  of  the  amount  of  pro- 
duct in  my  experiments,  however,  may  possibly  be  ascribed  to  tlje 
circumstance  that  I  have  repeatedly  })rcpared  the  methylcne- 
compound  by  exjiosinj;-  iodoform  to  the  action  of  heat  alone,  uhile 
Boutlerow^s  process  was  only  onco  or  twice  adopted. 

The  transformatiou  of  iodoform  into  di-iodide  of  nicthlene  by 
one  or  other  of  these  i)r()cesses  is  stranj^e  enoni^h,  and  as  yet 
remains  entirely  unexplained;  there  is  formed,  t()<^cthcr  with  the 
methylene-eompound,  a  (piantity  of  a  brown  substance,  the  nature 
of  which  appears  auythin^but  attractive. 


8.  Dihrondde  of  Etlnilene, 

The  usual  mode  of  preparin<(  this  compound,  which  of  late 
has  acquired  considerable  interest,  consists  in  passing  ethylene 
into  bromine  covered  with  a  laver  of  water.  This  method  is 
extremely  tedious,  since,  in  order  to  avoid  the  loss  of  both  bro- 
juine  and  of  ethvlene,  the  gas  can  be  but  slowly  transmitted 
through  the  liquid.  The  compound  may,  however,  be  rapidly 
obtained  without  the  slightest  loss,  by  an  exceedingly  simple 
modification  of  the  process. 

A  strong  glass  bottle,  of  2  or  3  litres  capacity,  is  provided  with 
a  perforated  cork,  tlirough  which  is  fitted  a  glass  tube  open  at 
both  ends,  one  of  which  reaches  nearly  to  the  bottom  of  the  bottle, 
whilst  the  other,  slightly  projecting  over  the  cork,  comnnmicates 
by  means  of  a  flexible  iiulia  rubber  tube  with  the  gasholder  con- 
taining the  ethylene.  To  start  the  operation,  the  bottle  is 
detaclicd,  and  filled  over  water  with  ethylene  gas,  into  which  arc 
then  poured  from  100  to  130  grm.  of  commercial  bromine,  and 
about  half  that  quantity  of  water,  the  cork  with  the  glass  tuljc 
being  immediately  replaced.  On  gently  agitating  the  bottle,  the 
ethylene  is  rapidly  absorbed,  and  on  turning  the  stop-cock  of  the 
gasholder,  the  gas  rushes  into  tlie  bottle  exactly  as  into  a  vacuum. 
If  the  agitation  be  continued,  a  very  large  volume  of  ethylene  may 
be  thus  united  with  bromine  in  an  exceedingly  short  space  of  time, 
without  the  loss  of  a  particle  of  the  constituents  or  of  the  com- 
pound. As  soon  as  the  absorption  becomes  languid,  the  ])romine 
is  renewed,  and  the  process  continiuMl  in  this  manner  until  the 
aecnmnlation  of  the  dibromide  renders  it  desirable  to  interrupt 
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the  operation.  When  working  npon  a  vcfy  large  seale,  it  is  con- 
venient to  insert  between  the  absorption-hottleand  the  gasholder  a 
wash-bottle  filled  with  water  or  dilute  potassa,  which  serves  as  a 
gange  for  the  rapidity  of  the  gas-current,  purifying  the  gas  at 
the  same  time,  if  necessary,  and  intercepting,  moreover,  any  bro- 
mine-vapour that  may  have  risen  into  the  india  rubber  tube,  if  the 
mixture  shonld  have  become  hot,  in  conseqnencc  of  too  rapid 
absorption. 

9.   Mctfhuoyjjhos'is  of  Monohrom'inatcd  ElJnjleae. 

A  quantity  of  monobrominated  ethylene  (bromide  of  vinyl)  was 
sealed  np  in  a  glass  tnbe  with  the  vievr  of  preserving  it.  After  the 
lapse  of  a  night,  the  colonrless  extremcl}^  mobile  liquid  was  found 
to  have  become  a  white  porcelain-like  mass^  and  on  opening  tlic 
tube  all  pressure  had  disappeared.  The  white  su])stance  was 
perfectly  amorphous  and  inodorous,  and  proved  insoluble  in  water, 
in  alcohol,  and  in  ether.  AVhen  heated  it  was  charred,  witli 
abundant  evolution  of  hvdrobromic  acid. 

Analysis  showed,  as  might  have  been  expected,  that  the  altera- 
tion of  the  monobrominated  ethylene  had  been  simply  molecular. 
0-295 1  grm.  substance,  burnt  with  chromate  of  lead,  gave 
0-2 1781'   grm.   of   carbonic   acid    and   0*0780    grm.  of 
water. 
The  values  corresponding  to  the  formula  C.2II ^Br  are : — 
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The  chemical  relations  of  bromide  of  vinyl  are  as  yet  but 
slightly  examined.  From  its  formula,  the  body  might  be  consi- 
dered as  the  hvdrobromic  ether  of  an  alcohol  homologous  to 
allylic  alcohol ;  this  mode  of  viewing  it,  however,  is  not  supported 
by  the  general  deportment  of  the  compound.  The  peculiar  mole- 
cular transformation  which  it  undergoes  points  rather  to  aldehydic 
relations,  aldehyde  being  isomeric  with  the  alcohol  in  question. 
As  in  the  case  of  aldehyde,  the  conditions  involving  these  trans- 
formations are  utterly  unknown;  I  have  vainly  tried  to  fix  the 


circumstances  uutler  wliieli  tlic  solid  inodifR'atiou  of  bromide  of 
vinyl  is  formed.  In  some  cases  the  liijuid  bromide  Mas  pre- 
served for  weeks  without  the  sliglitest  change,  when  suddenly  the 
liquid  was  found  to  have  been  transformed  thronghout  its  entire 
mass.  At  one  time  I  thought  I  had  observed  that  the  presence  of 
water  favoured  the  metamorphosis,  but  I  liavc  convinced  mvsclf 
by  special  experiments  that  this  is  not  the  case.  The  change 
takes  place  as  capriciously  in  the  presence  as  in  the  absence  of 
water. 

It  deserves  to  be  noticed  that  other  bodies  derived  from 
ethylene  by  substitution  are  prone  to  similar  translbrmations. 
Thus  Kegnault,*  many  years  ago,  observed  imalogous  pheno- 
mena in  the  case  of  diehloriuated  ethvleuc. 


10.  JodUie  ojEt/njI. 

The  rcaetion  generally  used  for  the  preparation  of  this  com- 
pound is  so  simple  and  elegant,  that  it  would  be  difficult  to  proj)osc 
a  better  method.  Indeed,  all  the  pioccsses  which  have  been  sug- 
gested diflcr  only  as  to  the  proportions  of  iodine,  phosphorus,  and 
.'dcohol,  or  as  to  the  manner  in  which  these  substances  are  to  be 
brouirht  into  contact  with  each  other.  Iodide  of  etlivl  beinir 
extensively  used  as  substitution-material  in  all  la])oratories,  every 
observation  which  is  calculated  to  facilitate  the  preparation  of  this 
body  may  prove  acceptable. 

The  common  plan  of  gradually  introducing  fragments  of 
])hosphorus  into  the  mixture  of  alcohol  and  iodine  has  the  disad- 
vantage of  occasionally  giving  rise  to  powerful  reactions,  involving 
considerable  loss  of  materials,  even  v.hen  great  care  is  taken  to 
add  the  phosphorus  slowly  and  in  little  fragments.  This  incon- 
venience may  be  readily  avoided  by  introducing  the  phosphorus, 
together  \\'\i\\  about  a  fourth  of  the  alcohol  to  be  used,  into  a 
retort  connected  with  an  etiieient  cooler,  into  the  tubulus  of  whicli 
is  fitted  a  glass  globe,  provided  with  tube  and  stopcock. f  The 
rest  of  the  alcohol  is  then  poured  upon  the  iodine,  and  the  solu« 
tion  thus  obtained  is  introduced  through  the  globe  into  the  retort, 
whieli  is  lieated  on  a  sand-bath  or  in  a  water-bath.     Iodine  is  but 

*  Ann.  Chim.  Ti  vs.  Ixix,  lol. 

+  The  apparatus  used   in  the  preparation  of  trictbylpiiosphiue   maj-   be   coa« 
vtmieuty  employed.— Chem.  See.,  Qu.  J.,  .\i,  60. 
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sparingly  soluble  in  alcohol,  but  excessively  so  in  iodide  of  etliyl ; 
it  is,  therefore,  only  necessary  to  pour  the  first  portion  >vhich 
distils  upon  the  residuary  iodine,  which  is  readily  dissolved,  and 
to  allow  the  concentrated  iodine  solution  thus  obtained  to  flow 
throuijh  the  globe  into  the  retort,  where  it  is  instantaneously 
converted  into  iodide  of  ethyl.  This  process  is  especially  conve- 
nient when  the  iodide  of  ethyl  is  to  be  prepared  on  a  rather  large 
scale.  In  this  case  1  find  it  convenient  to  dissolve  the  iodine  at 
once  in  iodide  of  ethvl,  and  to  introduce  it  slowly  through  the 
globe  into  the  retort.  The  stopcock  being  appropriately  adjusted, 
the  process  requires  but  little  attention,  and,  being  continuous, 
yields  a  very  large  product  in  a  comparatively  limited  time.  The 
iodide  generally  distils  at  once  perfectly  colourless,  and  requires 
only  to  be  washed  with  water  in  order  to  become  free  from  traces 
of  alcohol.  It  deserves  to  be  noticed  that  the  process  may  be 
carried  out  in  a  very  moderate-sized  retort,  since  there  is  only 
a  very  limited  2)ortion  of  material  at  a  time  under  operation. 

Convenient  proportions  for  iodide  of  ethyl  are  1000  grammes  of 
iodine,  700  grammes  of  alcohol,  of  spec.  grav.  0*84  (83  per  cent.), 
and  50  grammes  of  phosphorus.  From  96  to  98  per  cent,  of  the 
theoretical  quantity  of  pure  iodide  of  ethyl  are  obtained.  It 
deserves  to  be  noticed  how  small  a  quantity  of  phosphorus  is 
necessary  for  the  ethcrification  of  the  iodine,  the  quantity  stated 
being  less  than  one-half  of  the  amount  given  in  the  majority  of 
prescriptions. 

Iodide  of  methyl  and  iodide  of  amyl  may  be  prepared  in  the 
same  manner.  In  the  case  of  iodide  of  methyl,  the  following 
proportions  have  been  found  by  experiment  to  work  well.  1000 
grammes  of  iodine,  500  grammes  of  methylic  alcohol  (the  fraction 
boiling  below  74°),  and  60  grammes  of  phosphorus.  The  product, 
owing  to  the  volatility  of  the  compound,  is  somewhat  less  than  in 
the  previous  case,  amounting  to  from  94  to  95  per  cent,  of  the 
theoretical  quantity. 

11 .  O/i  the  deportment  of  Cyanate  of  Ethyl  with  Ethylate  of  Sodium, 

In  a  former  note*  I  have  stated  that  cyanate  of  ethyl,  when 
heated  with  ethylate  of  sodium,  is  converted  into  triethylamine 
and  carbonate  of  sodium.  But  I  have  pointed  out  at  the  same 
time  that,  owing  to  the  facility  with  which  the  ethylate  of  sodium 

*  Chem.  Soc,  Qu.  J.,  x,  20. 
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undergoes  decomposition  at  comparatively  moderate  temperatures, 
the  process  in  question  appeared  to  be  of  limited  application. 

I  have  lately  had  occasion  to  resume  the  study  of  eyanate  of 
phenyl,  which  I  described  several  years  a^^).*  It  appeared  to  mc 
to  be  of  some  interest  to  apply  tlie  above  reaction  to  the  jircpara- 
tion  of  triphenylamine.  On  performing  the  experiuient,  1  found, 
however,  that  phenylate  of  sodium  and  eyanate  of  jjluMiyl  give  rise 
to  a  (litfcrent  reaction  ;  no  triphenylamine  was  obtained  m  this 
process.  i 

This  unexpected  result  induced  me  to  repeat  the  experiment  on 
the  action  of  cthylate  of  sodium  upon  eyanate  of  ethyl.  I  luive 
found  that  in  this  case  likewise  the  reaction  frcrjnently  assumes  a 
form  ditferent  from  that  which  I  had  previously  observed,  aiid 
which  excludes  the  production  of  triethvlamiue.  1  am  eu^raued  in 
the  study  of  this  transformation,  the  result  of  which  1  propose  to 
lav  before  the  Society  on  some  future  occasion. 

12.   0)1  Glycerin, 

JU'forc  the  nature  of  this  interesting  compound  had  been  finally 
established  by  Bcrthelot's  remarkable  incpiiries,  it  had  been 
frequently  surmised,  that  the  saponification  of  the  several  fatty 
bodies  which  are  found  in  nature  did  not  invariably  furnish  the 
same  kind  of  glycerin. 

This  view  appeared  to  receive  new  support  in  the  researches  of 
AVurtz,  who  lias  rendered  it  probable  that  glycerin  is  but  the  type 
of  a  elass  of  homologous  triatomic  alcohols. 

As  a  contril)ution  towards  the  elucidation  of  this  question,  an 
experiment  may  be  briefly  mentioned  which  arose  from  a  conversa- 
tion with  my  friend  Mr.  (Jeorge  Ferguson  Wilson,  the 
technical  director  of  the  great  establishment  well  known  as 
Price^s  Patent  Candle  Company.  ^lany  hundred  weights  of 
glycerin  are  weekly  separated  in  these  works,  by  simple  steam- 
saponification,  from  a  considerable  variety  of  fatty  bodies  ;  and 
LMr.  Wilson,  who  has  studied  with  predilection  the  ])reparation 
and  purification  of  glycerin  on  a  large  scale,  has  acquired  a  sum 
of  practical  information  upon  this  sul)ject  such  as  will  not  easily 
be  found  again.  To  my  question,  whether  there  is  more  than  one 
kind  of  glycerin,  ^Ir.  Wilson  replied,  that  in  his  opinion  all 
the    fatty    bodies    which    he    had  examined    contained    the    same 

*  Chem.  Soc,  Qu.  J.,  ii,  323. 
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vai'icty  of  glycerin,  with  the  exception  of  cocoa-nut  oil,  the 
glyccriu-like  constituent  of  Avhich  differed  in  many  respects  so 
much  from  ordinary  e-lvccrin,  that  he  was  inclined  to  consider 
it  as  a  special  variety. 

Since  this  question  admitted  of  a  simple  experimental  sohition, 
Mr.  AVilson  kindly  supplied  me  with  a  quantity  of  glycerin 
obtained  by  the  saponification  of  cocoa-iuit  oil.  This  substance, 
although  prepared  in  the  same  manner,  differed  in  colour  and 
odour  from  the  s:lvcerin  furnished  bv  other  fatty  substances.  But 
notwithstanding  the  colouring  matter,  and  an  odorous  principle 
which  adhered  with  great  pertinacity,  it  was  not  difficult  to 
identify  the  compound  under  examination  with  ordinary  glycerin. 
Distilled  with  iodide  of  phosphorus  it  furnished  iodide  of  allyl, 
which  exhibited  the  same  boiling  point  as  that  obtained  from 
ordinary  trlvcerin,  and  was  also  transformed  uiuler  the  successive 
infiuencc  of  oxalate  of  silver  and .  ammonia,  respectively,  into 
oxalate  of  allyl  and  allyl-alcohol. 

These  experiments  appear  to  solve  the  question  as  far  as  cocoa- 
nut  oil  is  concerned. 

13.  Dinltrotoluic  Acid. 

The  nitro-substitutes  of  the  aromatic  acids  are  but  slowly 
transformed  into  dinitro-compounds.  Whoever  has  made  the 
experiment  in  the  benzoyl-series  has  had  an  opportunity  of 
experiencing  tliis  difficulty.  The  same  remark  applies  to  the 
toluvl-scries  :  Noad,--'  to  whom  we  are  indebted  for  the  first  know- 
ledge  of  this  group,  found  that  nitrotoluic  acid  may  be  dissolved  in 
a  boiling  mixture  of  nitric  and  sulphuric  acids  without  undergoing 
any  alteration. 

AVhilst  studying  some  reduction  phenomena  of  nitro-compounds, 
I  felt  an  interest  in  procuring,  if  possible,  a  small  quantity  of 
dinitrotoluic  acid,  and  by  my  desire  Mr.  William  Temple  has 
prepared  this  substance.  Pure  nitrotoluic  acid  was  digested  for 
two  days  with  three  times  its  weight  of  equal  parts  of  fuming  nitric 
and  sulphuric  acids.  The  solution  being  mixed  with  an  equal 
volume  of  water,  a  crystallization  of  dinitrotoluic  acid  was  obtained 
on  cooling.  It  was  washed,  recrystallized  from  water,  and  sub- 
mitted to  analysis. 

I.  0'582  gi*m.  of  acid,  burnt  with  oxide  of  copper,  gave  ()'908 
grm.  of  carbonic  acid  and  0*152  grm.  of  v.atcr. 

*  Mem.  Ch.  S.c,  IJI.  d:j7. 
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II.  0-396  gnn.  of  acid   gave  ()-Gl  1  grni.  of  carbonic  acid  and 
0'103  grm.  of  water. 

These  numbers  prove  tliat  tlie  acid   consisted   of  dinitrotoluie 
acid  C\II^3N.,0e  =  C^s[no(NO.,),]0,,  in  a  state  of  purity. 


'J'heorv.  K  x  pc  ri  mont , 
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This  result  is  fully  confirmed  by  the  analysis  of  the  silver-salt, 
which  is  obtained  in  the  form  of  a  white  precipitate  on  addition  of 
nitrate  of  silver  to  a  solution  of  dinitrotoluatc  of  ammonium. 
The  silver-salt  contains 

C^H.AgX.Oe  =  Cs[H,(NO,),,Ag]0,. 

I.  0-609  grm.  of  silver-salt  gave  on  combustion^  0'643  grm.  of 
carbonic  acid  and  0*094  grm.  of  water. 

II.  0-130  grm.  of  silver-salt  gave  0042  grm.  of  silveih 
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14.   O/i  Isatin. 

Few  bodies  have  fixed  the  attention  of  chemists  more  generally 
than  indigo.  But  have  their  experiments  led  to  a  satisfactory 
view  refrardinsT  the  nature  of  this  colourino:  matter?  The  brilliant 
labours  of  Erdraann  and  of  Laurent  have  brought  to  light  a  rich 
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harvest  of  the  most  interesting  derivatives  of  indigo,  but  they  hnvc 
left  us  in  uncertainty  with  regard  to  the  constitution  of  this  group 
of  compounds. 

AVitli  the  hope  of  tlirowing  sonic  light  upon  this  subject,  I  have 
endeavoured  to  eliminate  the  nitrogen  from  these  compounds  by 
processes  likely  to  act  without  producing  too  powerful  alterations. 
The  mode  of  action  peculiar  to  nitrous  acid  appeared  to  promise 
some  results;  and  since  indigo,  owing  to  its  insolubility,  is  but 
little  adapted  to  this  reaction,  I  have  made  some  experiments  with 
isatin,  which  is  so  closely  allied  to  indigo. 

Supposing  isatin  to  undergo  a  transformation  analogous  to  that 
first  observed  by  Piria  in  similar  cases,  and  consisting  arithme- 
tically in  the  exchange  of  UN  for  O,  there  appeared  some  hope  of 
obtaining  in  this  manner  naphtalic  anhydride,  and  of  thus  open- 
ing a  passage  from  the  indigo-group  into  the  naphtalin-series. 

Isatin         .         .         .         CgH^NOj. 

Naphtalic  anhydride  .         CgH^Oy. 

The  history  of  these  two  bodies  presents  some  features  which 
conferred  a  degree  of  probability  on  such  a  transformation. 
Both  isatin  and  naphtalic  anhydride  readily  assimilate  the  ele- 
ments of  water,  being  converted  respectively  into  isatic  and 
naphtalic  acids,  which,  when  submitted  to  the  action  of  alkalies, 
give  both  ilse  to  the  formation  of  phenolic  derivatives,  isatic  acid 
yielding  phenylamine,  and  naphtalic  acid  being  converted  into 
hydride  of  phenyl  (benzol). 

Experiment,  however,  has  not  confirmed  my  anticipation,  and  it 
might  seem  superfluous  to  waste  another  word  u])on  the  subject; 
nevertheless,  I  will  briefly  mention  the  result  of  this  unsuccessful 
experiment,  since  it  may  probably  save  some  trouble  to  others. 

"When  studying  the  deportment  of  isatin  with  nitrous  acid,  I 
observed  the  following  facts.  If  finely  powdered  isatin  be  sus- 
pended in  from  ten  to  twenty  times  its  weight  of  water,  and  the 
mixture  be  then  submitted  to  the  action  of  a  current  of  nitrous 
acid  (disengaged  by  the  action  of  arsenious  acid  upon  nitric  acid, 
and  partially  freed  from  nitric  acid  by  sending  it  through  an 
empty  wash-bottle),  the  liquid  at  once  begins  to  effervesce,  and  the 
isatin  is  soon  entirely  dissolved.  The  nearly  colourless  solution 
invariably  contains  a  considerable  quantity  of  nitric  acid  generated 
by  the  contact  of  the  nitrous  acid  with  the  water.  To  avoid  the 
action  of  this  acid  upon  the  product  of  the  transformation  of  the 
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isatin,  the  liquid,  mixed  witli  muoli  water,  was  evaporated  upon  the 
Avater-batli,  the  water  bcin^ic  repeatedly  renewed  so  as  to  prevent  tlie 
nitric  aeid  from  getting  eoneentrated.  The  liquid  thus  evaporated 
deposited  crystals  of  an  acid  wliieli,  once  or  twice  recrystallizcd 
from  boiliufj;  water,  appeared  to  be  perfectly  pure. 
On  analysis  the  followiu'^  numl)crs  were  obtained — 

I.  0-1308  grm.  of  the  aeid  gave  0*7203  grm.  of  carljonic  aeid, 
and  0'1094  grm.  of  water. 

IT.  0-3161-  grm.  of  the  acid  gave  0-5306  grm.  of  carbonic  acid, 
and  ()-0871  grm.  of  water. 

These  numbers  lead  to  the  expression, 

C,H,NO,  =  C,[H,(X0,)]03, 
which  is  the  formula  of  nitrosalieylic  (indigotic)  acid. 


Theory. 

I. 

iperiincnt. 
ir. 

c? 

84 

45-90 

45-60 

45-73 

"5 

0 

2-73 

2-81 

2-86 

N 

14 

7-65 

O5 

80 

43-72 

— 

183       10000 

Assuming  the  nitrosalieylic  acid  to  be  a  product  of  oxidation  of 
the  body  directly  formed  from  isatin  under  the  influence  of 
nitrous  acid,  the  solution  before  evaporation  was  neutralized  l)y 
means  of  an  alkali.  Tlie  result  remained  the  same.  In  another 
experiment,  pea-sized  pieces  of  marljlc  were  introduced  into  the 
mixture  of  water  and  isatin  before  the  nitrous  aeid  was  passed,  in 
order  to  remove  the  free  nitric  acid  as  rapidly  as  it  was  formed. 
In  these  experiments,  likewise,  nitrosalieylic  acid  was  obtained. 
It  need  scarcely  be  mentioned  that  the  aeid  derived  from  isatin 
possessed  all  the  properties  of  nitrosalieylic  acid  prepared  by  the 
ordinary  method ;  it  exhibited  more  especially  the  characteristic 
coloration  with  percliloride  of  iron. 

When  the  liquid  obtained  by  treatment  with  nitrous  aeid  was 
evaporated,  without  having  been  previously  mixed  either  with 
water  or  with  an  alkali,  the  isatin,  as  might  have  been  expected, 
was  transformed  into  trinitrophenylic  acid.     This  acid  was  sufH- 


ciently  characterised  by  its  properties,  and  by  the  analysis  of  its 
's^  ell-known  dilVicultly-solnblc  potassium-componud. 

Ol33Ui)  grm.  of  the  potassium -salt,  when  burnt  ^vith  cliromatc 
of  lead,  gave  0*3:293  grm.  of  carbonic  acid,  and  00:230  grm.  of 
water. 

The  formula  C\-IIoKN30-  =  C;,LII2(N0.J3K]0  requires  the 
following  values, — 

Theory.  Exporimout. 

2714 

()-7G 


Ce 

72 

2(;'97 

Ho 

2 

0-75 

K 

39 

14-60 

N. 

1:2 

15-73 

112 

41-95 

267         100-00 


15.  Sjjonianeous  Decomposition  of  Gun-cotton. 

Some  gun-cotton  prepared  in  the  establishment  of  Messrs. 
Hall,  soon  after  Schcin beings  discovery,  and  taken  out  of  a 
cartridge  intended  for  blasting,  had  been  preserved  by  my  friend 
Dr.  Percy  since  18 17^  in  a  glass  bottle  provided  ^vith  a  glass 
stopper.  After  some  time,  red  vapours  had  appeared  in  the 
interior  of  the  bottle,  and  the  cotton  had  crumbled  down  to  a 
loose  powder.  "When  lately  the  bottle  was  again  examined,  the 
powder  was  found  to  be  converted  into  a  light  brown,  semi-liuid, 
gum-like  mass,  while  the  side  of  the  bottle  had  become  coated 
with  a  net-work  of  fine  needles.  It  was  not  difficult  to  collect  a 
sufficient  quantity  of  these  crystals ;  they  exhibited  all  the  charac- 
ters of  oxalic  acid.  In  order  to  fix  their  nature  by  a  number, 
they  were  converted,  first  into  the  ammonium-salt,  and  then  into 
the  silver-salt. 

0*2420  grm.  of  silver-salt  gave  02275  grm.  of  chloride  of 
silver  =  70-74  p.c.  of  silver. 

Oxalate  of  silver  contains  7105  p.c.  of  silver. 

The  viscid  mass  into  which  the  bulk  of  the  gun-cotton  had  been 
converted,  exhibited  all  the  properties  of  ordinary  gum ;  it  was 
likewise  interspersed  with  crj'stals  of  oxalic  acid. 
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The  decomposition  of  ammonia  by  the  spark-current,  cxliihits 
in  a  conspienous  manner  the  condensation  wliich  accompanies  tlie 
transformation  of  a  mixture  of  liydro;i:en  and  nitrogen  into 
ammonia.  It  is  more  diffieult  to  ilhistrate  the  relative  proportion 
of  tlie  riitrojren  and  hvdro<ren  \\  liicli  exists  in  ammonia.  The  fol- 
lowing  experiment  ehiei(hites,  tliougli  indirectly,  tliis  relation. 

A  glass  tnbe  from  30  to  40  inches  in  length,  and  J  of  an  incli 
in  width,  is  sealed  at  one  end  and  divided  without  particular  care 
into  three  eciual  parts,  which  are  conveniently  marked  by  paper  or 
by  india-rubber  rings.  The  tube  is  then  tilled  over  water  witli 
])urc  chlorine,  and  at  once  transferred  into  a  test-glass  half  filled 
with  mercurv  and  half  with  concentrated  solution  of  ammonia.  In 
this  manner  a  layer  of  ammonia  one  or  two  inches  in  height,  and 
separated  from  the  bulk  of  the  licpiid  by  mercury,  is  collected  in 
the  tnbe.  \  livelv  reaction  immediatelv  sets  in,  the  mercurv 
rises,  and  the  ammonia-solution  floating  on  the  metal  effervesces, 
with  evolution  of  nitrogen,  while  the  chlorine  disappear.^,  dense 
white  clouds  of  chloride  of  ammonium  being  formed. 

According  to  the  equation — 

ir.X  4  3C1=  31IC1  -f-y, 

the  3  volumes  of  chlorine  should  be  replaced  by  1  volume  of  nitro- 
gen, and  this  result  is  actually  o1)scrvcJ.  At  the  common  tem- 
perature, however,,  the  reaction  is  but  slowly  accomplished,  the 
disengagement  of  nitrogen  from  the  solution  of  ammonia  becoming 
slower  and  slower,  but  often  continuing  for  hours.  On  the  other 
hand,  the  decomposition  is  instantaneous  if  the  tube  l)e  gently 
inclined,  and  the  liquid  floating  upon  the  mercury  be  lieated  to 
ebidlition.  To  complete  the  experiment  it  is  only  necessary  to 
transfer  the  iz^lass  tube  into  a  V\'A\.  cvlinder  filled  with  water,  in 
-which  the  inner  and  outer  liquids  may  ])eeome  level  Mhen  the 
3  volumes  of  chlorine  originally  filling  the  tu1)e,  are  found  to  be 
very  accurately  replaced  by  1  volume  of  nitrogen  gas. 

Supposing  the  composition  by  volume  of  hydrochloric  acid  to  be 
known,  the  composition  of  ammonia  is  fixed  by  this  observation. 
The  experiment  furnishes  moreover  an  instructive  illustration  of 
the  volume-equivalence  of  chlorine,  hydrogen,  and  nitrogen. 
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17.  How  to  exhibit  the  lujlainmahility  of  Ammonia. 

It  is  "well  known  that  animoniacal  gas  cannot  be  inflamed  in 
atmospheric  air,  bnt  will  burn  in  oxygen  gas  with  a  greenish- 
yellow  flame.  This  flame  may  be  shown  by  allowing  the  gas  to 
issue  from  a  bent  jet  into  a  vessel  containing  oxygen.  There  is, 
liowever,  some  difticulty  in  lighting  the  gas,  and  under  the  most 
favourable  circumstances  the  phenomenon  is  very  ephemeral.  To 
avoid  this  inconvenience,  the  inflammability  of  ammonia  is  gene- 
rnlly  exhibited  by  sending  a  current  of  the  gas  into  an  ordinary 
flame,  the  ammonia-gas  being  allowed  to  issue  from  the  delivery 
tube  into  the  lower  opening  of  an  Argand  gas-burner  provided  with 
a  glass  chimney.  The  gas  burning  low^  and  almost  invisibly,  the 
high  lambent  ammonia-flame  becomes  very  conspicuous. 

The  phenomenon  may,  however,  be  observed  in  a  purer  and  much 
more  brilliant  form,  when  a  wide-mouthed  flask,  containing  a 
strong  aqueous  solution  of  ammonia  is  heated  upon  a  sand-bath, 
and  a  rapid  curi'ent  of  oxygen  gas  from  a  gas-holder  forced  through 
the  boiling  liquid.  The  mixture  of  oxygen  and  ammonia-gas 
thus  formed  may  be  lighted,  and  burns  at  the  montli  of  the  flask 
with  the  characteristic  greenish-yellow  flame,  whicli  continues 
until  the  ammonia  is  expelled  from  the  liquid. 

18.  Separation  of  Cadmium  from  Copper. 

Having  had  occasion  to  perform  some  experiments  on  the  rela- 
tive merits  of  the  several  processes  which  have  been  suggested  for 
the  separation  of  cadmium  from  copper,  I  w^as  led  to  observe  a 
property  of  sulphide  of  cadmium,  which  I  do  not  find  noticed  in 
analvtical  manuals.  Sulphide  of  cadmium  dissolves  with  the 
oTcatest  facility  in  boiling  dilute  sulphuric  acid,  which  has  no  eff'ect 
upon  the  sulphide  of  copper.  On  precipitating,  by  sulphuretted 
hvdrogen,  a  solution  containing  not  more  than  1  milligramme 
of  cadmium  mixed  with  1000  milligrammes  of  copper,  and  boiling 
the  black  precipitate  for  a  few  seconds  with  dilute  sulphuric  acid 
(1  part  of  concentrated  sulphuric  acid  and  5  parts  of  water),  a 
colourless  filtrate  is  obtained,  in  which  an  aqueous  solution  of 
sulphuretted  hydrogen  produces  an  unmistakable  precipitate  of 
vellow  sulphide  of  cadmium.  Another  solution  of  the  same  com- 
position was  mixed  with  an  excess  of  cyanide  of  potassium  and 
treated    with    sulphuretted    hydrogen    gas.      A    distinct    yellow 
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coloration  was  observed  :  a  deposit  Hke\visc  took  place,  but  so 
slowly  that  in  delicacy  the  former  experiment  appears  to  liavc  a 
considerable  advantage,  especially  since  a  solution  of  jnirc  copi)er 
in  cyanide  of  potassium  also  gives  rise  to  a  yellow  coloration, 
when  submitted  to  the  action  of  sidphuretted  hydrogen. 

19.  Separation  of  Arsenic  from  Antimony. 

The  separation  of  these  two  metals,  which  presents  unusual 
difficulties,  has  been  a  task  of  predilection  with  chemists,  and  a 
great  number  of  processes  have  been  suggested,  the  majority  of 
which,  it  cannot  be  denied,  admit  of  improvement.  Among  the 
many  metliods,  the  one  which  is  based  upon  the  dissimilar  deport- 
ment of  arsenetted  and  antimonetted  hydrogen  with  nitrate  of 
silver,  deserves  to  be  favourably  mentioned,  the  former,  as  is  well 
known,  yielding  arseuious  acid  which  passes  in  solution : 

H3AS  +  GAgXO.,  +  21100  =  6IIN0,  +  GAg  +  IIAsO.^. 

the  latter  giving  rise  to  the  formation  of  antimonidc  of  silver : 

HgSb  +  3  AgNOg  =  SHiSO^  +  Ag,Sb 

which  is  insoluble  in  water.  This  process  presents  no  difficulty  as 
far  as  the  arsenic  is  concerned,  which  may  be  recognized  in  solu- 
tion by  ammonia,  if  there  be  an  excess  of  silver,  or  by  sulphuretted 
hydrogen,  if  the  silver  has  been  entirely  precipitated.  It  is  far  less 
easy  to  find,  according  to  this  process;,  minute  quantities  of 
antimony  in  the  presence  of  large  quantities  of  arsenic,  the  silver- 
compound  of  antimony  being  mixed  with  a  bulky  precipitate  of 
metallic  silver.  By  treating  this  precipitate,  as  miglit  readily 
suggest  itself,  with  hydrochloric  acid,  there  dissolves,  together 
with  antimony,  a  small  quantity  of  chloride  of  silver,  which  is 
sufficient  to  darken  the  precipitate  produced  in  the  solution  by 
sulphuretted  hydrogen  to  such  a  degree  as  altogether  to  mask  the 
presence  of  antimony.  This  inconvenience  may  easily  be  obviated 
by  boiling  the  mixture  of  silver  and  antimonidc  of  silver,  after  the 
arsenious  acid  has  been  carefullv  washed  out  bv  boiling  water, 
with  tartaric  acid,  which  dissolves  the  antimony  alone.  The 
solution  thus  obtained  vields  at  once  the  characteristic  orange- 
yellow  precipitate  with  sulphuretted  hydrogen. 

In  some  experiments  made  with  the  view  of  testing  the  delicacy 
of  this  process,  1  part  of  antimony  in  presence  of  199  parts  of 
arsenic,  and  vice  versa,  1  part  of  arsenic,  together  with  199  parts 
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of  antimony,  couUl  be  easily  cletcctecl.  Even  Mitli  minnte  quan- 
tities the  proeess  proved  successful,  inasmucli  as  5  milligrammes 
of  either  metal  in  the  presence  of  100  times  the  amount  of  the 
other  could  be  satisfactorily  exhibited.  In  evolvinsr  the  hvdrosen- 
compounds  of  arsenic  and  antimony,  care  must  be  taken  to  add  as 
little  nitric  acid  as  possible  to  the  hydrochloric  acid  used  in  dis- 
solving the  sulphides  of  the  metals,  since  the  presence  of  even 
moderate  quantities  of  this  acid  greatly  interferes  with  the  free 
disengagement  of  the  gases. 

If  there  be  tin  with  the  arsenic  and  antimony,  this  metal  will 
be  deposited  upon  the  plates  of  zinc  used  in  evolving  the  hydrogen, 
from  which  it  may  be  mechanically  detached,  dissolved  in  hydro- 
chloric  acid,  and  tested  by  the  usual  processes. 

20.  Anahjsis  of  the  Saline  IVater  of  Christian  Malford, 

near  CJuirpenhani. 

The  water  used  for  analysis,  was  collected  November  11,  1858. 

The  water  p.nnped  up  from  the  well  is  perfectly  clear  and 
colourless,  and  almost  inodorous.  It  has  a  distinctly  saline  taste, 
and  efiervesces  on  agitation,  exhibiting  the  presence  of  a  con- 
siderable quantity  of  free  carbonic  acid.  The  water  contains,  iu 
addition  to  carbonic  acid,  a  minute  trace  of  an  inflammable  carbo- 
netted  hydrogen.  The  presence  of  the  latter  becomes  perceptible 
if  a  considerable  quantity  of  the  water  be  heated  to  ebullition,  and 
the  o-ases  expelled  be  passed  through  a  solution  of  potassa.  The 
"■as  not  absorbed  is  a  mixture  of  atmospheric  air  with  the  car- 
bonetted  hydrogen;  it  burns,  owing  to  the  preponderance  of  the 
air,  with  a  pale  scarcely  visible  flame.  On  standing,  more  readily 
on  boiling,  the  water  deposits  a  yellowish  sediment,  consisting  of 
carbonate  of  calcium,  carbonate  of  magnesium,  sesquioxide  of 
iron,  and  oi'ganic  matter. 

Temperature  of  the  water  12^0,  the  temperature  of  the  air 
being  nearly  the  same. 

Specific  gra^-ity  of  the  water  =  I'CGG. 

The  analysis  was  performed  in  the  usual  manner;  only  the 
determination  of  the  bromine  requires  a  passing  notice. 

Id    determining   this   element,    I   have   availed    myself  of  the 
method  of  imperfect  precipitation.      According   to   the    observa-j 
tions   of  Lyte    and    of  Field,    nitrate   of  silver   produces   in   a] 
mixture  of  chloride,   bromide,  and  iodide,  a  precipitate,   first  oi 
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iodklo,  niul  then  of  hromitle,  and  a  prccii)itatc  of  cliloridc  only 
after  tlic  whole  of  tlic  iodine  and  bromine  have  hcon  separated  ; — 
a  metliod  of  scparatin^^  chlorine,  bromine,  and  iodine,  based  npon 
this  deportmcnt_,  lias  been  proposed  l)y  the  latter  chemist. 

The  amount  of  iodine  present  in  tlie  water  of  Christian  iMalford, 
is  so  exceedingly  small,  that  the  quantitative  determination 
appeared  useless.  The  task  was,  therefore,  limited  to  the  determi- 
nation of  the  bromine. 

For  this  purpose,  28  litres  of  the  water  were  evaporated  to  dry- 
ness, and  the  saline  residue  was  exhausted  with  dilute  alcohol. 
The  alcoholic  liquid,  when  submitted  to  distillation,  left  a  saline 
mass,  which  was  dissolved  in  a  small  quantity  of  water.  This 
solution  was  measured  and  divided  into  two  equal  parts,  each  of 
which  represented  the  extract  of  the  saline  residue  of  14  litres  = 
14084-  grammes  of  the  original  water,  containing  the  whole  of  the 
bromides  and  part  of  tlic  chlorides.  Each  of  the  liquids  thus 
obtained  was  precipitated  1)y  a  silver-solution,  containing  0*  1-288 
gi'ammcs  of  pure  silver,  whereby  the  whole  of  the  bromine,  and 
part  of  the  chlorine  w-as  thrown  down.  The  two  precipitates 
weighed  respectively  0*G355  (I),  and  0T)350  (II)  grammes. 

If  P  represent  the  weight  of  the  mixed  precipitate,  and  x  the 
amount  of  chloride  of  silver  in  it,  then  P  —  x  is  the  quantity  of 
bromide  of  silver,  and  if  the  total  amount  of  the  silver  in  the  pre- 
cipitate be  represented  by  5,  then 

14.3*5  188     ^  ^ 

whence 

S  -  0-5745  P 


X      — 


0-1781 


By  substituting  the   experimental  values  for  S  and   P  in  the 
above  expression,  wx  find 

I.  IT. 

Chloride  and  bromide  of  silver 

(by  experiment)       ....     0-G355         0-G350 
Chloride  of  silver  (by  ealcula- 

lation)        ,.,....     0-357G         0-3593 


Bromide  of  silver 0-2779  0-2757 

Corresponding  (in  1 1084  grms. 

of  water)  to  bromine    .^.     .  0-1182  0-1173 

Or  in  1000  grms.  to    ...     .  0*0084  0-0083 
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Direct  results  of  analysis  calculated  to  1000  grammes  of  water, 


a.  Bases. 


Experiment. 

Sesquioxidc 

of 

Iron. 

Lime. 

Magnesia. 

Alkaline 
Chlorides. 

Cliloride 

of 
Potassium. 

Chloride 

of 
Sodium. 

I 

ir 

0  -0035 
0-0035 

0-4234 
0-4241 

0-1S97 
0-1903 

6  -9600 
6-8800 

0-863 
0-897 

6-097 
5-983 

Mean .... 

0-003O 

0-4238 

0-1900 

6-9200 

0-880 

6-040 

b.  Acids 
[or  elements  replacwg  them) . 


T.xp. 

Sulphuric 
Acid. 

Chlorine. 

Bromine, 

with 

traces  of 

Iodine, 

Silica, 

Carbonic 
Acid  free 

and 
combined. 

• 

Carbonic  Acid 

combined 
as  Carbonate  of 

Calcium 
and  Magnesium. 

Carbonic 
Acid  free. 

1 

*■  ^  •         •  •    •   • 

0-2464 
0  -2452 

4-5630 
4-5570 

0-0084 
0-0083 

0-0150 
0-0145 

0-2921 
0-3164 

0  1050 
0-1072 

0  1871 
0  2092 

Mean   . . 

0-2458 

4-5600 

0-0084 

0-0148 

0-3043 

0-1061 

0-1982 

c.  Residue  left  ox  Evaporation*. 


E.xperiment. 

Mineral  Residue. 

Organic  Matter. 

Total  Residue. 

I 

II 

8  -2000 
8  -1900 

0  -0200 
0-0200 

8-2200 
8-2100 

Mean 

8-1950 

0-0200 

8  -2150 
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VERIFICATIONS. 
a.  Yeiuficatiox  tor  Limk. 


Experiment. 

Lime  precipitated 

on 

ebullition. 

(Carbonate  of 

Calcium.) 

Lime  left  in  solution 

after 

ebullition. 

(Sulphate  and  Chloride 

of  Calcium.! 

Total 

by 

Calculation. 

Total 

by 

E.x])crimenl 

I 

II 

0-1285 
0-1307 

0-2895 
0-2S56 

0-4180 
0-41C3 

0-4234 
0-4241 

Mean   .... 

0-129G 

0-2S76 

0-4172 

0-4238 

b.  Verification  for  Magnesia. 


Experiment. 

Manrncsia 
precipitated  ou 

ebullition. 
(Carbjnate  of 
Magnesium.) 

Magnesia  left  in 

solution 
after  ebullition. 

(Chloride 
of  Marjnesium  ) 

Total 

by 

Calculation. 

Total 

by 

E-xperiment. 

I 

II 

0  -0022 
0  -0025 

0-1852 
0-1863 

0-1874 
0  -1888 

0-1897 
n-1903 

Mean   .... 

0-0024 

0-1857 

0  -1881 

0-1900 

Saline    Constituents. 


Sulphate  of  calcium  . 
Carbonate  of  calcium  . 
Cliloride  of  calcium  . 
Carbonate  of  magnesium 
Chloride  of  magnesium 
Bromide    of      magnesium 

traces  of  iodide  of  magnesium) 
Carbonate  of  iron 
Chloride  of  potassium 
Chloride  of  sodium 
Silica 
Organic  matter    . 


Li  1000  grammes 
of  Waaler. 

In  one  gallon, 

(70,0(X)  grains) 

of  water. 

Grammes. 

Grains. 

.     0-4179 

29-253 

.     0-2311 

16-198 

.     0-2289 

16-023 

.     0-0050 

0-350 

.     0-4413 

30-891 

(with 

csium)     0'0096 

0-672 

.     00051 

0-357 

.     0-8800 

61-600 

.     6-0400 

422-800 

.     0-0148 

1-030 

.     0  0200 

1-400 

8-2940 

580-580 

G  2 
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The  water  contains  290.2  cnbic  inches  in  the  gallon,  or  104.*6 
cnbic  centimetres  in  the  litre,  of  free  carbonic  acid.  The  quantity 
of  carbonic  aciil  was  determined  at  the  well.  It  deserves  to 
be  mentioned  that  the  water  for  this  purpose  was  pumped  up, 
whereby  probably  a  minute  quantity  of  gas  was  lost. 

My  thanks  are  due  to  Mr.  E.  ^Millar,  of  Christian  Malford,  for 
his  help  in  collecting  the  water,  and  to  Dr.  Leibius  for  his  assist- 
ance in  performing  the  experiments. 


21.  Spontaneous  Decomposition  of  Chhr'nle  of  Lime, 

One  morning  (I  think  it  was  in  the  summer  of  1858),  when 
entering  my  laboratory,  which  I  had  left  in  perfect  order  on  the 
previous  evening,  I  was  surprised  to  find  the  room  in  the  greatest 
confusion.  Broken  bottles  and  fragments  of  apparatus  lay  about, 
several  window  panes  were  smashed,  and  all  the  tables  and  shelves 
were  covered  with  a  dense  layer  of  white  dust.  The  latter  was 
soon  found  to  be  cliloride  of  lime,  and  furnished  without  difficulty 
the  explanation  of  this  strange  appearance. 

At  the  conclusion  of  the  Great  Exhibition  of  1851^  M.  Kuhl- 
mann,  of  Lille,  had  made  me  a  present  of  the  splendid  collection 
of  chemical  preparations  which  he  had  contributed.  The  beautiful 
large  bottles  were  for  a  long  time  kept  as  a  collection ;  gradually^ 
however,  their  contents  proved  too  great  a  temptation,  and  ia  the 
course  of  time  all  the  substances  had  been  consumed.  Only  one 
large  bottle,  of  about  10  litres  capacity,  and  filled  with  chloride  of 
lime,  had  resisted  all  attacks ;  the  stopper  had  stuck  so  fast  that 
nobody  could  get  it  out ;  and  after  many  unsuccessful  efforts — no 
one  venturing  to  indulge  in  strong  measures  v.ith  the  handsome 
vessel — the  bottle  had  at  last  found  a  place  on  one  of  the  highest 
shelves  of  the  laboratory,  where  for  years  it  had  remained  lost  in 
dust  and  oblivion,  until  it  had  forced  itself  back  on  our  recollection 
by  so  energetic  an  appeal.  The  explosion  had  been  so  violent  that 
the  neck  of  the  bottle  was  projected  into  the  area,  where  it  was 
found  with  tlie  stopper  still  firmly  cemented  into  it. 

I  have  not  been  able  to  learn  whether  similar  cases  of  the 
spontaneous  decomposition  of  chloride  of  lime  have  been  already 
ob.served. 
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22.  Bisulphide  of  Carbon  in  Coal  G(fs. 

It  is  well  known  that  coal  gas,  even  wlicn  submitted  to  the 
most  improved  processes  of  purification,  retains  a  minute  cpiantity 
of  a  sulpliur-compound,  which  yields  sulphurous  acid  when  the 
gas  is  burned.  A  commission  having  been  appointed  for  tlic 
purpose  of  reporting^  to  the  Lords  of  the  Committee  of  Privy 
Couucil  on  Education  on  the  lighting  of  picture-galleries  by  gas, 
and  on  any  precautions  (if  necessary)  against  tlie  escape  of  gas 
and  of  the  products  of  its  combustion,  the  writer  of  this  note 
undertook  a  few  experiments,  with  the  view  of  determining  the 
amount  of  sulphur  generally  present  in  the  London  coal  gas. 

The  object  of  the  inquiry  being  to  ascertain  tlic  quantity  of 
sulphurous  acid  capable  of  being  formed  by  the  combustion  of  the 
gas,  an  exceedingly  small  jet  of  gas,  carefully  washed  witli  acetate 
of  lead — which  showed  the  absence  of  sulphuretted  hydrogen — 
and  measured  by  an  accurate  experimental  meter,  was  burned  in  a 
large  two-necked  glass  globe.  Through  one  of  the  necks  the  gas 
tube  was  conve3''ed  into  the  globe,  whilst  the  other,  fitting  into  a 
condenser,  carried  off  the  product  of  combustion  into  a  two-necked 
receiver.  To  establish  a  current  of  air,  the  receiver  was  connected 
with  a  water-current  aspirator,  a  couple  of  AVoolfe's  bottles 
containing  w^ater  or  dilute  ammonia  being  inserted,  for  the  pur- 
pose of  fixing  any  trace  of  sulphurous  acid  which  might  escape 
condensation,  with  the  water,  in  the  receiver.  The  exi)eriment 
being  terminated,  the  liquids  in  the  receiver  and  in  the  wash- 
bottles  were  united,  oxidized  with  chlorine  and  precipitated  with 
chloride  of  barium. 

Experiments  in  July,  1859. 


Order  of 

Quantity  of 
Gas  consiinicJ. 

Cubic  feet. 

Aiiiount 

of  Sulpliate  of 

Barium. 

Grammes. 

Amount  of 
Sulphur  iu  \(A)  cubic  feet. 

Amount 

of  Sulphur  in 

lOH)  cubic  metres. 

Experiments. 

Grammes. 

Grains. 

Grammes. 

I 

II 

Ill 

IV 

1-98 

2 
o 

2 

0    06-30 
0  0840 
0  0630 
0  0740 

. . 

0  -437 
0-577 
0  -433 

0-508 

6-74 
8-90 
6-68 
7  84 

15  433 
20  371 
15-278 
17  944 

Mean  .... 

0-488 

7-54 

17 -256 

*  Eeport  oil  the  subject  of  Lighting  Picture  Galleries  by  Gas,  by  rrofes.-5ors 
faraday,  Hofmaun;  and  Tyudall,  Mr.  Redgrave,  R.A,  and  Capt.  Fowkc,  1I.E, 
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Experiments  in  December,  1859,  and  January,  18G0. 


Order  of 

Quantity  of 
Gas  consumed. 

Cubic  feet. 

AniMint 

of  Sulphate  of 

Baiiiini. 

Gianinics. 

Amount  of 
Sulphur  in  100  cubic  feet. 

Amount 

of  Sulphur  in 

100  culm-  metres. 

Experiraouts. 

Grammes. 

Grains. 

Grammes. 

V 

VI 

VII 

VIII 

2 

2 
o 

2 

•  • 

0  -0890 
0-0953 
0-0975 
0  -0935 

0-611 
0-654 
0-669 
0-642 

9-43 
1010 
10  -33 

9-91 

21  -585 
23-111 
23  644 
22-677 

Mean  .... 

•   • 

0-644 

■     9-94 

22-754 

These  experiments  show  that  the  amount  of  sulphur  remaining 
in  the  London  gas  after  the  removal  of  the  sulphuretted  hydrogen 
is  very  small,  and  that  in  winter  it  is  somewhat  greater  than  in 
summer.  This  may  possibly  arise  from  the  enormously  increased 
production  of  gas  during  the  winter  months,  when  it  will  be  more 
difficult  to  regulate  the  several  processes  involved  in  its  manufac- 
ture. But  the  result  may  also  be  purely  accidental,  arising  from 
a  change  in  the  nature  of  the  coal  used,  etc.  A  much  more 
extended  series  of  experiments  would  be  required  to  decide  this 
question. 

It  has  long  been  assumed  that  the  sulphur  in  purified  gas  exists 
in  the  form  of  bisulphide  of  carbon,  the  conditions  for  the  genera- 
tion of  this  compound  being  in  fact  given  in  the  ordinary 
process  of  producing  gas.  That  coal  gas  really  contains  bisul- 
phide of  carbon  was  first  elegantly  proved  by  Vogel,*  who,  at  the 
suggestion  of  Baron  Liebig,  passed  a  current  of  purified  gas 
through  an  alcoholic  solution  of  potassa,  when  xanthate  (sulpho- 
carbonate)  of  potassium  (K(C2H3)CS20)  was  formed,  which  pro- 
duced in  copper-solutions  the  highly  characteristic  yellow  precipi- 
tate of  xanthate  of  copper,  and  yielded,  when  boiled  with  a  few 
drops  of  nitrate  of  lead  in  the  presence  of  free  potassa,  a  black 
deposit  of  sulphide  of  lead.  AYhen  engaged  in  the  above  inquiry,  I 
repeated  VogeFs  experiments,  which  I  can  confirm  in  every  parti- 
cular. The  amount  of  bisulphide  of  carbon  in  the  London  gas  is, 
however,  so  small,  that  a  very  large  volume  must  be  passed  through 
the  alcoholic  solution  of  potas.sa  in  order  to  produce  a  sufficient 
quantity  of  xanthate  of  potassium.  After  a  cubic  foot  of  gas  had 
been  passed  through  alcoholic  potassa  in  a  l)ulb   apparatus,  the 
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Isolution  gave  with  sulpUate  of  copper  a  leek-greeu  precipitate,  in 
hvhicli  the  presence  of  xanthatc  was  but  imperfectly  iudicated. 
[Only  after  passing  several  additional  cubic  feet  the  yellow  colour 
'became  more  distinct,  althouiih  still  masked  to  some  extent  bv  the 
hydrated  i)rotoxydc  simultaneously  precipitated.  On  the  other 
hand,  the  black  precipitate  of  sulphide  of  lead  was  obtained 
without  difficulty,  even  after  the  passage  of  one  single  cubic  foot 
of  gas. 

But  the  presence  of  bisulphide  of  carbon  in  coal  gas  may  be  ex- 
hibited even  more  elegantly,  and  with  greater  precision,  by  means 
of  triethylphosphine J  which  produces  with  the  bisulphide  a  com- 
pound crystallizing  in  splendid  prisms  of  a  ruby  colour.  This 
body  is  so  characteristic,  and  forms  with  so  much  facility,  that 
bisulphide  of  carbon  has  become  a  most  valuable  re-agent  for 
triethylphosphine  and  its  homologues.  The  idea  naturally  sug- 
gested itself  to  em])loy  the  phosphorous-base  for  the  detection 
of  bisulphide  of  carbon  in  gas.  On  distilling  a  considerable 
proportion  of  coal-gas-benzol,  I  had  separately  collected  a  small 
fraction,  which  came  over  in  the  commencement  below  G5°. 
When  mixed  with  triethylphosphine,  this  licpiid  solidified  into  a 
mass  of  the  well  known  ruby  crystals.  Four  or  five  drops  of 
triethylphosphine  Avere  dissolved  in  ether,  the  ethereal  liquid  was 
introduced  into  a  bulb  apparatus,  and  a  current  of  coal  gas 
allowed  to  bubble  through  the  solution.  AVlien  0*2  of  a  cubic 
foot  had  passed,  the  liquid  had  assumed  a  distinctly  red  coloration, 
the  intensity  of  which  increased  as  the  passage  of  the  gas  and  the 
evaporation  of  the  ether  continued.  After  0'8  of  a  cubic  foot  had 
passed,  the  whole  of  the  ether  had  evaporated,  and  the  inner 
surface  of  the  bulb-apparatus  was  lined  with  a  beautiful  network 
of  the  ruby  crystals. 


23.  Remarks  on  the  Changes  of  Gutta  Pircha  under  Tropical 

Influences. 

[From  a  Eeport  addressed  to  Sir  W.  B.  O'Shaughuessy,  Director- General  of 

Telegraphs  in  India.] 

The  peculiar  change  which  gutta  percha  undergoes  when  in 
contact  with  air  for  some  time  is  well  known,  tliis  substance 
gradually  becoming  brittle,  and  ultimately  losing  all  coherence. 
This  effect  was  experienced  on  an  undesirable  scale  in  construct- 
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ing  tlie  East  Iiuliau  Telcgraplis.  Enormous  quantities  of  gutta 
porcha,  became  in  a  comparatively  sliort  time,  entirely  useless, 
involving  a  loss  of  thousands  of  pounds.  At  the  request  of  Sir 
AV.  B.  O'Shauglinessy  I  have  made  a  few  experiments  with  the 
gutta  pcrclia  thus  altered,  the  results  of  Avhicli  were  recalled  to  my 
mind  by  tlic  researches  on  the  alteration  of  gutta  pereha  lately 
published  by  Oudeman.  It  may  be  of  some  interest  briefly  to 
mention  the  analytical  results  furnished  by  the  changed  material 
submitted  to  me  for  examination. 

The  specimens  sent  home  from  India  formed  a  brown,  exceed- 
iugly  brittle  substance,  softening  to  a  plastic  mass  in  boiling 
water.  Since  tlie  gutta  pcrclia  existing  in  commerce  does  not 
always  exhibit  the  same  characters,  it  was  of  some  importance  for 
the  inquiry,  that  a  quantity  of  the  original  unchanged  substance, 
with  wliich  the  wires  sent  out  to  India  had  been  coated,  was 
likewise  placed  at  my  disposal.  In  their  deportment  with  solvents 
the  changed  and  unchanged  gutta  pereha  exhibited  a  marked 
difference.  AVhilst  the  latter  proved  to  be  perfectly  insoluble  in 
strong  alcohol,  the  changed  gutta  pereha  was  in  a  great  measure 
taken  up  by  this  solvent.  By  treating  the  changed  material  first 
Avitli  cold,  then  with  boiling  alcohol,  and  ultimately  with  ether, 
three  substances  were  obtained,  which,  although  very  much  alike 
in  their  physical  properties,  differed  considerably  from  each  other 
in  their  chemical  composition. 

I. — Substance  soluble  in  cold  Alcohol. 

Cold  alcohol  rcpdily  attacked  the  outer  surface  of  the  coating, 
and  dissolved  a  considerable  portion.  On  evaporation  a  brown 
resinous  mass  remained  behind,  which  was  dried,  first  over  sul- 
phuric acid,  and  ultimately  at  100°;  at  wliich  temperature  it 
readily  fused.  The  fused  mass  solidified  on  cooling  to  a  brittle 
substance,  yielding  a  highly  electrical  powder,  and  exhibiting  on 
combustion  the  following  percentage  composition. 


I. 

n. 

Mean. 

Carbon  .     .     .     . 

G2-9i- 

62-64 

62-79 

Hydrogen  .     .     . 

9-22 

9-36 

9-29 

Oxygen.     .     .     . 

27-8i 

28-00 

27-92 

lOO-OO    100-00    100-00 
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II. — Substance  soluble  in  boilifif/  Alcohol. 

By  trcntinj^  -with  boiling  alcoliol  tlic  ^c^^illuc  of  tlic  previous 
operation,  wliich  had  ceased  to  yield  anything  more  to  cold 
alcohol,  a  fresh  quantity  of  substance  was  obtained  in  solution. 
The  alcoholic  liquid,  on  evaporation,  left  a  residue  very  similar 
to  that  of  the  previous  operation,  which,  when  dried  in  the  same 
manner,  furnished  on  analysis  the  following  numbers. 


Carbon  . 
Hydrogen  . 
Oxygen.     . 


I. 

n. 

^fcan. 

68-13 

67-20 

67-72 

1001 

10-18 

10-09 

21-8G 

22-53 

22- 19 

100-00         10000         100-00 


III. — Substance  insoluble  in  cold  and  in  boiliny  Alco/tol. 

The  residue  left  after  repeated  treatment  with  boiling  alcohol, 
dissolved  in  ether,  a  few  mechanical  impurities  remaining  behind. 
The  ethereal  solution  gave  with  alcohol  a  ])recipitate  which  dried 
lip  to  a  yellowish  powder,  becoming  highly  electrical  by  trituration, 
and  caking  when  gently  heated.  It  had  the  general  characters  of 
gutta  percha,  being  merely  somewluit  deeper  coloured  and  less 
plastic.  AVhen  analysed,  it  furnished  numbers  nearly  agreeing 
with  those  which  were  obtained  by  several  observers  for  gutta 
percha. 

Carbon  .         .         .         .     88-12  ' 

Hvdro":en      ....     12*19 

The  body  last  analysed  was  obviously  unchanged  gutta  percha ; 
a  view  Avhich  is  also  supported  by  its  solubility  in  chloroform  and 
benzol.  The  substance  in  questicm  diifcrcd  from  specimens  of 
gutta  percha  investigated  by  others,  and  especially  from  that  wliich 
Paycn  considers  the  pure  gutta  percha,  by  its  solubility  in  ether. 
The  original  substance  with  which  the  wires  had  been  coated  was, 
however,  likewise  soluble  in  ether.  It  cannot,  therefore,  be 
doubted  that  gutta  percha  exists  in  several  modifications. 

The  experiments  which  I  have  quoted  prove  that  the  changes 
which  gutta  percha  undergoes  in  contact  with  air  depend  upon 
oxidation.  Unchanged  gutta  percha  is  free  from  oxygen ;  the 
product  dissolved  by  cold  alcohol  contained  nearly  28  per  ccnt.^ 
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and  tliat  soluble  iu  boiling  alcohol  still  uiore  than  '12  per  cent,  of 


oxygen. 


I  uccil  not  mention  that  I  am  far  from  believing  that  thcso 
oxygenated  substances  are  definite  chemical  comjmunds.  Their 
mode  of  preparation  altogether  precludes  such  an  idea,  the  object 
of  the  experiments  having  been  simply  to  establish  the  fact  of 
oxidation  having  taken  place.  That  the  changes  of  gutta  percha 
are  due  to  the  absorption  of  oxygen,  is  countenanced  by  the  expe- 
rience of  this  substance  having  beeu  kept  for  years  under  water 
^vithout  undergoing  any  alteration. 


On  tbe  Carbonates  of  Alumina,  Ferric  Oxide,   and  Chromic  Oxide. 

By  James  Ilarratt,  Esq. 

(Abstract.)* 

The  composition  of  the  precipitate  produced  in  solutions  of  sul- 
phate or  chloride  of  aluminium  by  alkaline  carbonates  has  beeu 
variously  stated  as  follows  : — According  to 

Mu sprat t  fChcm.  Soc.  Qu.  J.  ii.  21G),  it  is  3AI..O3  .  2C0o  +4H0 
H.  Kose  (Fogg.  Ann.  xci.  452)  „       Al^Oa  .  3H0  +   NH^.COa  +  HO 

Langlois  (Ann.  Ch.  Phys.  [3]  xlviii.  502)     „      SAl^O^  .     CO.,  +  8H0 
Wallace  (Chcm.  Gaz.  1858,  410)  ,,     3Alo      .2C0. +9H0 

From  experiments  made  by  the  author  of  this  paper  in 
Dr.  Muspratt's  laboratory,  it  appears  that  the  precipitate  formed 
by  carbonate  of  soda  in  a  solution  of  chloride  of  aluminium  (the 
mode  of  preparation  adopted  by  Wallace),  after  being  washed  and 
dried,  then  triturated  with  water,  again  Avashed,  and  dried  over 
sulphuric  acid,  consists  of  hydrate  of  alumina  perfectly  free  from 
carbonic  acid,  a  result  which  agrees  with  the  statement  of 
Saussure  (Gmelin's  Handbook,  iii.  308.) 


Carbonate  of    Chromic    Oxide   has   been    analysed    by  several 
chemists.     According  to 


Berzcliag  (Trait6,  iv.,  427), 
Meisgncr  (Gilb.  Ann.  Ix.  366) 
Langlois  (loc.  cit.) 
Lefort  (C'ompt.  rend,  xxrii.  269)  \ 
Wallace  (loc.  cit.)  j 


it  Ih 


iCfjOa 


it 


CO0  +  3HO 
7CO2  +  8HO 

2Cr203  .     CO2+6HO 


lOCroOa 

'"2 


CrjO, 


CO2  +  4H0 


•  This  paper  in  publifihcd  w  fvM  in  the  Chemical  Xcws,  No.  10,  p.  110. 
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'SU'.    l^arratt's  experiments    confirm    tlic    resnlt    obtnineil    })y 
Lcf'ort  and  \Vallace. 

Carhonatc  of  Feri'ic  Ocr/</6\— Soul)eiran  (Ann.  (1i.  IMiys.  [2] 
xliv.  \y.H\)  fonnd  tliat  tlic  precipitate  thrown  down  hy  alkaline 
carbonates  (rom  ferrous  salts,  after  tlioroniili  washin;;  and  exposure 
to  the  moist  air  of  a  cellar  for  six  montlis,  no  lonj^er  contains 
ferrous  oxide,  but  consists  of  711-  p.c.  Fe^O.^,  8-3(X).j  r.nd  :20() 
water  (.'M'Y\^0.^. CO.,  +  l^J  110).  According  to  Lani^lois  (k)e.  eit.), 
the  precipitate  formed  bv  alkaline  carbonates  in  ferric  sails,  con- 
tains, when  dried  at  1C(V  C,  8M7  p.c.  Fe./).,,  1017  HO.  and 
I'M)  CO.,,  which  is  given  off  at  105°.  L.  Omeliu  (Ilandb.  v. 
2.'-i'2),  on  the  contrary,  states  that  this  precipitate,  after  tliorongh 
washing,  is  quite  free  from  earl)()nic  acid.  According  to  \\'allacc 
(loc.  cit.),  the  precipitate  thrown  down  by  carl)onate  of  ammonia 
from  ferric  chloride,  contains,  when  dried  in  the  air  at  22"  to 
21°  C,  3Fc.,03.CO.,  +  f)nO,  and  gives  off  2  cq.  water  at  100°;  and 
tlie  prccii)itate  formed  bv  carl)onato  of  soda  iu  a  solution  of  ferric 
nitrate  is  9Fe.,0.,.CO.,  + 12II0. 

,Mr.  Bar  rat  t  finds  that  the  precipitate  dried  in  the  air  at  ordi- 
narv  temperatures  contains  3FC0O3.CO2+8IIO,  half  of  the  water 
being  expelled  at  100°  C. 


PROCEEDINGS 


AT    THE 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


January  19,  1860. 
Professor  Br o die,  President,  in  the  Chair. 

The  following  were  elected  Fellows  of  the  Soeicty  :  — 

Charles  A.  Cameron,  M.D.,  Dublin;  Charles  Henry 
AVood,  Esq.,  17,  Bloomsbury- square;  August  Dupre,  Ph.D., 
53,  Burton-crescent;  AVilliam  Plunket,  Esq.,  Museum  of 
Irish  Industry,  Dublin. 

The  following  papers  were  read  : — 

'^  On  refining  Gold  when  alloyed  with  Tin  or  Antimony,  so  as 
to  render  it  fit  for  the  purposes  of  coinage,"  by  Mr.  Ilobert 
"Warrington. 

^'  On  certain  sources  of  loss  of  precious  Metal  in  some  opera- 
tions of  assaying,"  by  Mr.  G.  H.  Makins. 

"  On  the  double  Sulphides  of  Iron  and  Copper,"  by  Mr.  F. 
Field. 


February  2,  18G0. 

Dr.  IT.  Bence  Jones,  Vice-President,  in  the  Chair. 

Edward  Divers,  Esq.,  Queen's  College,  Galway,  and  Edwin 
Crocker,  Esq.,  19,  Bichmcnd-roud,  Barnsbury,  were  elected 
Fellows  of  the  Society. 

The  following  papers  were  read  : — 

''  On  an  Iron  Sand  from  Xcw  Zealand,"  by  Dr.  J.  II.  Glad- 
stone. 
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"  Oil  the   composition   of  Air  from    Mont   Hlanc,"  hy   l^^r.   K, 
Frankland. 

''  On  Biniodacctic  Acid/'  by  ^SFcssrs.  Pcrkin  and  Dnppa. 


February  IG,  18G0. 
Professor  Brodic,  President,  in  tlie  Chair. 

The  foHowin":  were  elected  Fellows  of  the  Society : — 

Frederick  Dupre,  Ph.D.,  53,  Burton-crescent;  Dr.  Fdward 
Smith,  G,  Queen  Ann-street,  Cavendish  -  square  ;  Kdward 
Nicholson,  Esq.,  St.  Mary's  Hospital,  Paddin<^ton. 

A  paper  was  read  ^'  On  some  derivatives  from  the  Olefincs,'' 
])V  Dr.  Guthrie. 

Dr.  Odling  made  a  verbal  communication  '^  On  the  direct 
Oxidation  of  Chlorhydric  Acid." 


March  1,  18G0. 

Dr.  W.  A.  Miller,  Vice-President,  in  the  Chair. 

Messrs.  Berthelot,   Deville,  Fremy,  Fritzsche,  Peligot, 
and  Mulder,  were  elected  Foreign  Members. 

George  Morley,  Esq.,   18,   Park-place,  Leeds,  was  elected  a 
Fellow  of  the  Society. 

The  following  papers  were  read  : — 

"  On  New  Zealand  Iron  Sand,"  by  Mr.  E.  Riley. 
"  On  the  action  of  Chloride   of  Ethyl  upon  Aminouia,"  by 
Mr.  Groves. 


March  15,  18G0. 

Dr.  W.  A.  Miller,  Vice-President,  in  tlir  Ciiair. 

The  following  papers  were  read  : — • 
On    the    composition    of.   the    Platinidcyanidcs,"    by    Mr. 


(C 

Hadow. 
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*'  Oil  a  new  Ammoiiio-clirome  Compouud/^  by  iSFr.  Morland. 
"  On  the  analysis  of  a  AVatcr  from   the  snpcrficial  strata  of_ 
the  Loudon  basin/^  by  Mr.  Hooker. 


Anniversary  ^Meeting,  March  30,  1860. 

Professor  Brodie,  President,  in  the  Chair. 

The  Report  of  the  Council,  and  the  Audited  Account  of  the 
Treasurer,  were  read. 

Messrs.  Crookes  and  Morland  having  been  appointed  Scru- 
tators, the  Meeting  proceeded  to  the  election  of  Council  and 
Officers  for  the  ensuing  year,  and  the  following  were  declared  to 
have  been  duly  elected : — 

President.— B.  C.  Brodie,  F.U.S. 

Vice-Presidents,  ivho  have  filed  the  office  of  President. — W.  T. 
Brande,  F.R.S. ;  C.  G.  B.  Daubeny,  M.D.,  F.R.S. ;  Thomas 
Graham,  F.R.S.;  ^V.  A.  Miller,  M.D.,  F.R.S. ;  Lyon  Playfair, 
Ph.D.,  F.R.S. ;  Colonel  Philip  Yorke,  F.R.S. 

Vice-Presidents. — E.  Frankland,  Ph.D.,  F.R.S.;  H.  Bencc 
Jones,  M.D.,  F.R.S.;  Robert  Porrett,  F.R.S.;  Alfred  Smee, 
F.R.S. 

Secretaries.  —  Theophilus  Redwood,  Ph.D.;  T\'illiam 
Odling,  M.B.,  F.R.S. 

Foreign  Secretary. — A.  W.  Hofmann,  LL.D.,  F.R.S. 

Treasurer. — AVarren  De  La  Rue,  Ph.D.,  F.R.S. 

Other  Members  of  C'ow/ici/.— Frederick  Field  ;  William 
Francis,  Ph.D.,  F.L.S. ;  G.  D.  Longstaff,  M.D. ;  Dr.  Marcet, 
F.R.S. ;  John  Mercer,  F.R.S.;  Henry  M.  Noad,  Ph.D.,  F.R.S.; 
A.  R.  Normandy,  A.R.L.M.  ;  H.  E.  Roscoe,  Ph.D.;  Edward 
Schunck,  Ph.D.;  J.  A.  Voelcker,  Ph.D.;  Robert  Warington; 
A.  Vs'.  Williamson,  Ph.D.  ;  F.R.S. 

It  was  resolved — 

That  the  thanks  of  the  Meeting  be  given  to  the  President, 
Officers,  and  Council,  for  their  services  during  the  past  year. 
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That   the    thanks  of  the    Mcctiner  1)C   jriveii  the  Auditors  for 


their  services  to  the  Society. 


t>' 


The  followiu":  donations  have  been  received  :  — 


"to 


(C 


Repertory  of  Arts  and  ^Manufactures  :'' 

"  Repertory  of  Patent  Inventions  :'' 

''  London  Journal  of  Patent  Inventions:" 

CarpmaePs  ^'  Law  of  Patents  of  Invention  :'^ 

CarpmaePs  ''  Law  Reports  of  Patent  Cases  :^^ 

from  Messrs.  De  La  Rue  and  Co. 

"  Quarterly  Journal  of  the  Geological  Society,"  Part  1,  for 
1860  :  from  the  Society. 

^'  Pharmaceutical  Joiu'nal "  for  January,  February,  !March, 
1860  :  from  the  Editors. 

^'  Chemical  News,"  Nos.  1  to  16  :  from  the  Publishers. 

"  Journal  of  the  Society  of  Arts,"  Vol.  VIII.,  Nos.  372  to 
381 :  from  the  Society. 

"  Journal  of  the  Photographic  Society"  for  January,  February, 
!March,  1860  :  from  the  Society. 

"Literary  Gazette,''  Vol.  IV:,  Nos.  80  to  92:  from  the 
Publisher. 

"  Monthly  Notices  of  the  Royal  Astronomical  Society, " 
Vol.  XX.,  Nos.  I  to  6  :  from  the  Society. 

"  Canadian  Journal"  for  March,  1860 :  from  the  Canadian 
Institute. 

"American  Journal  of  Science  and  Arts,"  January,  1860: 
from  the  Editors. 

"  Journal  of  the  Franklin  Institute, "  January,  February, 
1860  :  from  the  Institute. 

"  Proceedings  of  the  Academy  of  Natural  Sciences  of  Pliila- 
dclphia,"  1860,  No.  1 — 5  :  from  the  Academy. 

"  Note  on  some  Numerical  relations  between  the  Specific 
Gravities  of  the  Diamond,  Graphite,  and  Charcoal  Forms  of 
Carbon,  and  its  Atomic  "Weight :"  by  Dr.  Lyon  Playfair  :  from 
the  Author. 

"  On  the  Hardness  of  Metals  and  their  Alloys ; "  and  "  On 
the  Specific  Gravities  of  Alloys;  by  F.  C.  Calvert  and  R. 
Johnson  :  from  the  Authors. 
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"Annalcs  de  Chimic"  (1789  to  1805),  55  volumes:  from 
Dr.  R.  D.  Thomson. 

"  Melanges  physiques  ct  chiniiques  tires  du  Bulletin  physico- 
matht-'matique  dc  TAcademie  dc  St.  Petersbourg/'  Tomes  I.,  II., 
III.  :  from  the  Academy. 

"  Annuaire  de  PAcademie  rovale  des  Sciences  des  Lcttres  ct 
des  Beaux  Arts  de  Belgiquc,  1859." 

"  Bulletin  de  I'Acadomie  royale,  &c.,  de  Bclgique,  1859"  : 

from  the  Academy. 

'^  Jahrbuch  dcr  kaiserlich-kouiglichen  geologischen  Reiehs- 
anstalt  in  Wien,  1859,"  Xos.  2,  3  :  from  the  Institute. 

'^  Ofversigt  af  koiigl.  Yetcnskaps  Akademicns  Forhaudlingar, 
1858"  :  from  the  Academy  of  Sciences  of  Stockholm. 
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IX. — On  certain  sources  of  loss  of  Precious  Metal  in  some 

operations  of  Assaying, 

By  G.  H.  Makins, 

In  the  assay  of  specimens  of  alloyed  gold,  the  deg^'ce  of  heat  used 
in  the  first  operation,  viz.,  cupcUation  (when  this  is  carefully 
performed),  is  usually  somewhat  varied,  according  to  presupposed 
proportions  in  the  alloy, — for  example,  a  much  lower  temperature 
being  sufficient  where  the  gold  is  only  associated  with  silver,  than 
where  it  is  also  mixed  with  oxidisable  metals,  which  latter  have  to 
be  separated  entirely  by  this  first  operation. 

About  five  years  since,  I  chanced  to  have  before  me  some  200 
assays  of  gold,  wherein  the  silver  also  had  to  be  estimated,  and  in 
■which,  for  other  reasons,  an  extraordinary  degree  of  heat  was 
required  to  be  employed  ;  and  as  I  made  simultaneously  with  these, 
several  synthetical  proofs,  I  was  much  struck  by  the  great  extent 
of  loss  of  gold  and  silver;  and  satisfied  that  it  could  not  be  entirely 
due  to  what  is  known  amongst  aj^sayers  as  cupel  absorption,  I 
determined  upon  examining  seme  of  the  contents  of  an  iron  flue  of 
a  cupel  furnace,  which  passed  from  its  hood  into  a  chimney,  in 
order  to  see  if  gold  had  been  volatilized  along  with  other  metals, 
and  if  so,  to  what  extent. 
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A  quantity  of  apparently  carbonaceous  matter  was  therefore 
taken  out  of  it;  and  as  tliis  flue  was  at  the  time  recently  put  up 
afiesli,  I  had  the  means  of  knowing  that  it  had  been  used  for  the 
cupcllation  of  <iold  assays  only. 

Upon  examination  of  this  material  by  the  microscope  under  an 
inch  power,  it  exhibited  very  distinctly  portions  of  oxide  of  lead, 
in  yellow  masses,  little  nodules  of  suboxide  of  copper,  minute 
grains  of  silver,  together  with  portions  resembling  silver  reduced 
from  chloride, — the  whole  mixed  with  a  quantity  of  carbonized 
matter  containing  small  grains  of  unburnt  fuel. 

From  pressure  of  business  at  tte  time,  this  material  was  laid 
aside  (after  cursory  examination  sufficient  to  prove  the  presence  of 
the  metals),  until  it  could  be  completely  examined.  This  was  not 
done,  however,  until  after  the  appearance  of  some  collateral 
matter,  communicated  to  the  Society  by  my  late  pupil,  Mr. 
Napier. 

On  further  examination,  the  metallic  matters  present  were 
found  to  consist  of  oxide  of  lead  mixed  with  small  portions  of 
gold,  silver,  and  oxide  of  copjjer;  and  as  my  object  was  only  to 
estimate  the  gold  and  silver  present,  I  took  separate  portions,  viz., 
two  of  50,  and  two  of  100  grains  each.  They  were  each  treated 
with  400  grains  of  pure  lead,  that  is  to  say,  with  eight  times  the 
weight  of  the  former  two,  and  four  times  the  latter,  each  having  also 
its  own  weight  of  borax  added. 

The  mixtures  were  then  scorified,  and  the  operation  carried  to 
its  full  extent,  so  as  to  diminish  as  much  as  possible  the  quantity 
of  lead  for  the  subsequent  cupel  process. 

The  process  completed,  the  specimens  were  poured  in  a  good 
fluid  condition;  the  slag  (which  was  quite  free  from  metallic 
beads)  separated;  and  the  resulting  metal  next  subjected  to  cupcl- 
lation. 

The  little  buttons  so  obtained,  consisting  of  pure  silver  and 
gold,  were  then  weighed. 

From  the  first  two  assays  (the  material  operated  upon  being 
100  grains),  the  resulting  buttons  weighed  (after  compensating 
for  silver  contained  in  the  lead  employed),  just  -089  grain. 

From  the  second  two,  upon  200  grains,  the  buttons  weighed 
•1C6.  If  we  average  these,  Mhich  are  verv  ncarlv  alike,  and  calcu- 
late  the  quantity  for  1000  grains,  we  should  have  a  result  of  '850 
grain. 

They  were  next  all  parted  for  gold,  and  the  result  was  '026; 
equal  to  '087  in  every  1000  grains. 
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Deducting  then  the  weight  of  tliis  gokl  from  the  weight  of  the 
compound  metal,  wc  find  tiie  quantity  of  the  precious  metals  in 
1000  grains  to  be^ 

Gold     ..      -087 

Sdver  ..  -763 
Of  course  I  do  not  atteniiit  to  establish  any  ratio  between 
these  quantities  and  an  individual  assay;  for  although  the  Hue 
whence  this  material  was  taken  had  onlv  bi-cn  renewed  a  lew 
months,  yet  during  that  time  the  fumes  of  many  thousand  assays 
had  passed  through  it.  But,  on  the  other  hand,  I  would  remark, 
that  considering  that  this  flue  is  removed  daily  when  the  furnace 
is  at  work,  the  proportion  which  the  precious  metals  bear  to  the 
■whole,  is  very  large  indeed. 

I  will  now  call  attention  to  a  second  cause  of  loss  of  gold 
occurring  in  parting  operations,  and  possibly  also  in  refining  ui)on 
the  large  scale,  viz.,  the  solution  of  a  portion  of  gold  in  the  nitric 
acid  used,  although  the  latter  is  pure  and  quite  free  from  hydro- 
chloric acid. 

Berzelius,  in  speaking  of  this  fact  says,  ^'^It  must  not  be 
forgotten  that  if  nitric  acid  contains  hydrochloric  or  nitrous  acid, 
it  will  dissolve  gold;  in  truth,  the  quantity  dissolved  is  incon- 
sideral)le  in  the  latter  case,  but  sufficient  to  lead  to  an  incorrect 
result.'^  Kow,  in  parting  gold  by  nitric  acid,  we  are  generating 
during  the  operation  quantities  of  nitrous  acid,  and  consequently 
have  the  conditions  present  for  this  loss  to  take  place. 

Some  time  since,  ^Ir.  Field  (the  Queen's  Assay  Master),  had 
in  his  otiice  a  pear-shaped  bottle,  into  which  nitric  acid  was  con- 
stantly being  poured  after  parting  operations :  it  was  thickly 
coated  with  gold.  He  showed  this  to  Sir  J.  lierschell,  who 
was  then  Master  of  the  Mint,  asserting  that  it  was  deposited  from 
an  actual  solution  of  the  gold.  The  latter  gentleman  supposed 
rather  that  it  was  a  deposit  from  mechanically  suspended  part)cles; 
but  this  could  have  haidly  been  the  case,  as  the  bottle  was  a  large 
pear-shaped  one,  and  the  gold  coated  the  upper  part  as  thickly  as 
the  lower,  and  vcrv  nnitornilv,  which  certainlv  could  not  have 
been  the  case  had  it  been  simply  a  deposit  of  mechanically  sus- 
pended particles.  It  was  no  doubt,  as  Mr.  Field  observed,  a 
good  example  of  deposit  from  an  actual  solution. 

I  tried  the  following  experiment,  in  order  to  arrive  at  some 
idea  of  the  quantity  so  taken  up  in  ordinary  assaying  operations, 
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Four  assay-quantities  of  pure  gold  were  accurately  weighed, 
then  added  to  the  usual  proportion  of  fine  silver,  and  of  lead, 
and  cupelled.  The  buttons  then  rolled  and  coiled,  were  parted 
with  nitric  acid.  For  the  boilings,  acids  were  prepared  of  specific 
gravity  1-25  and  1'35  respectively. 

Ko.  1  assay  was  then  boiled  20  minutes  in  the  weaker,  and 
afterwards  for  13  minutes  in  the  stronger  acid,  between  which 
operations  the  cornet  was  washed  with  hot  distilled  water. 

No.  2  assay  was  boiled  once  in  the  first,  and  twice  in  the 
second  acid. 

No.  3.     Once  in  the  first,  and  three  times  in  the  second. 

And  No.  4.  Once  in  the  first,  and  four  times  in  the  second; 
the  boilings,  as  I  haye  said,  being  continued  for  20  minutes  in  the 
weak,  and  for  13  minutes  in  the  second  acid. 

The  several  comets  were  then  washed  off  with  hot  distilled 
water,  annealed,  and  weighed,  and  the  following  is  the  result  : — 

Calling  the  weio^hings  before  the  operations  1000 :  the  first 
cornet  weighed  999-6,  the  second  992,  the  third  998  7,  and  the 
fourth,  9979 ;  the  loss  thus  increasing  in  proportion  as  we 
multiply  the  number  of  boilings. 

Now,  the  question  occurs  as  to  whence  the  loss  arises.  I  may 
first  say,  that  it  has  been  suggested  that  it  is  due  to  silver  being 
more  completely  separated  by  the  repeated  boilings. 

But  in  reply  to  this  I  can  state,  that  I  have  examined  these 
cornets  over  and  over  again  ;  and  that  after  the  first  boiling  as 
above  described,  the  amount  of  silver  left  in  them  is  very  uniformly 
1*16  in  the  1000  parts.  But  the  difference  between  9996,  the 
weight  of  the  first  cornet,  and  997*9,  that  of  the  fourth,  is  1*70; 
here  then,  supposing  the  latter  to  be  entirely  free  from  silver 
(which  is  not  really  the  case),  we  have  0"54  abstracted,  a  quantity 
just  equal  to  3  grains  in  the  troy  pound,  which  loss  can  only  be 
traced  to  the  removal  of  gold. 

Next :  it  has  been  urged,  that  the  appearance  of  gold  in  the 
used  parting  acid,  is  due  to  mechanical  causes,  dependent  upon 
the  friction  of  an  exceedingly  soft  and  spongy  body,  by  its  being 
thrown  violently  about  in  a  dense  acid  fluid,  and  by  the  rapid 
evolution  of  bubbles  of  acid,  or  acid  vapour,  rushing  from  its 
surface,  all  this  being  of  course  increased  as  the  density  of  the  acid 
is  increased  by  evaporation. 

I  believe  that  this  is  not  the  case,  and  that  in  the  fluid  medium 
BO  such  abrasion  takes  place,  but  that  it  is  a  true  case  of  solution. 
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and  by  the  agency  of  the  nitrous  acid  evolved.  In  proof  of 
this  I  have  taken  a  portion  of  this  acid  which  had  been  so  used, 
and  after  dilution,  separated  the  silver,  then  evaporated,  and 
obtained  small  quantities  of  gold,  which  were  next  redissolved 
in  nitro-hydrochloric  acid,  and  proved  to  be  such  by  the  usual 
tests. 

Again,  I  do  not  think  that  the  deposit  upon  ^fr.  Field's 
store  bottles  (to  which  I  have  alluded),  could  have  taken  place  in 
so  regular  a  manner  upon  their  upper  portions  without  actual 
solution ;  for  had  it  been  mere  mechanical  suspension,  the  metal 
upon  the  lower  part  would  of  course  have  been  much  in 
excess. 

Now,  as  to  the  evolution  of  this  nitrous  acid.  At  the  first 
boiling,  when  the  silver  is  present  in  such  large  quantity,  nitrous 
acid  is  given  off  most  copiously ;  but  probably  its  solvent  action 
upon  the  gold  is  then  controlled  and  checked  by  electrical  action, 
that  is,  by  the  gold  becoming  the  negative,  and  the  silver  the 
positive  element  in  a  voltaic  circuit;  but  when  the  silver  is  wholly 
(or  nearly)  removed,  this  check  no  longer  exists,  and  the  solution 
of  the  gold  progresses  more  rapidly. 

Then,  with  respect  to  the  cause  of  the  evolution  of  nitrous 
acid, — of  course  as  I  have  already  said,  as  long  as  there  is  any 
silver  to  oxidise,  it  will  be  generated;  and  when  the  silver  is 
nearly  abstracted,  the  method  of  boiling  adopted  by  many 
assayers  induces  its  continuance ;  for  it  is  scarcely  possible  to  boil 
an  assay  in  strong  acid  without  some  means  of  disengaging  the 
vapour  formed  ;  if  some  help  be  not  afforded,  the  acid  will  ^'bunij)'^ 
so  much  as  almost,  if  not  quite,  to  throw  it  out  of  the  flask.  Hence 
it  is  the  custom  with  some  to  introduce  a  small  portion  of  char- 
coal, which,  from  its  porosity,  tends  to  the  steady  evolution  of  this 
vapour.  Now,  if  the  charcoal  be  entirely  carbonized,  it  does  not 
materially  affect  the  acid;  but  if  it  coutani  much  woody  matter 
not  thoroughly  carbonized,  it  is  then  sure  to  decompose  it,  and 
set  nitrous  acid  free.  Indeed,  I  have  for  some  years  ceased  to  use 
this  body,  from  its  injurious  effects  upon  the  acid. 

I  am  aware  that  the  matters  mentioned  in  this  paper  are  some- 
what trivial  in  a  scientific  point  of  view;  but  their  commercial 
importance  will  be  at  once  admitted,  when  we  remember  the 
enormous  values  dealt  with  in  this  country,  and  consider  more- 
over, that  they  are  at  times  turned  over  and  over  again  and  that 
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tlic  question  of  profit  find  loss  in  such  commercial  operations   are 
much,  if  not  entirely,  in  tlie  hands  of  the  assaver. 

Lastly,  this  pu1)lication  may  serve  to  account  for  some  of  the 
discrepancies  which  arc  sometimes  found  between  assayers. 


X. —  On  Bibromosuccinic  Acid  and  the   Artificial  Production   of 

Tartaric  Acid. 

By  W.  H.  Perkix,  F.C.S.,  axd  B.  F.  Dupta,  Esq. 

In  April  of  last  year,  we  published  a  paper  on  the  action  of  penta- 
chloride  of  phosphorus  on  malic  acid,*  in  which  we  stated  that 
there  seemed  reasons  for  believing  that  there  existed  a  close  relation 
between  succinic,  malic,  and  tartaric  acids,  similar  to  that  which 
exists  between  acetic,  glycollic,  and  glyoxylic  acids ;  and  for  the 
purpose  of  verifying:  that  supposition,  we  proposed  endeavouring  to 
obtain  mono-  and  bibromo-succinic  acids,  thinkins:  that  bv  hvdrat- 
ing  them  by  means  of  hydrate  of  silver,  or  by  decomposing  their 
silver-salts  in  the  presence  of  water,  we  might  obtain  malic  and 
tartaric  acids.  Since  that  time,  we  have  obtained  both  of  these 
bromo-acids,  but  up  to  the  present  have  only  studied  the  bibromo- 
succinic acid. 


Bibromosuccinic  Acid, 

We  endeavoured  to  produce  this  substance  by  the  direct  action 
of  bromine  on  succinic  acid,  but  did  not  obtain  any  satisfactory 
results.  The  process  by  which  we  have  succeeded  in  obtaining 
this  acid,  is  as  follows : 

Equal  volumes  of  bromine  and  chloride  of  succinyl  are  heated 
in  a  strong  sealed  tube  to  a  temperature  of  120  or  130*^0.  for  three 
or  four  hours.  The  tube,  after  having  cooled,  must  be  very  care- 
fully opened,  so  that  the  hydrobromic  acid  which  has  formed  may 
slowly  issue  forth  ;  if  the  tube  be  opened  too  rapidly,  its  contents 
will  be  projected  and  lost.  The  product  thus  obtained  is  an  oily 
liquid  consisting  of  impure  chloride  of  bibromosuccinyl.     This  is 

•  Phil.  Mag.  April  1859. 
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decomposed  by  being  well  agitated  for  an  hour  or  two  with  two  or 
three  times  its  volume  of  water,  after  wiiich,  the  liquid  will  coiitain 
considerable  quantities  of  the  new  aeid  in  the  form  of  a  crystalline 
precipitate;  this  is  purified  by  being  well  washed  on  a  filter  to 
separate  hydrochloric  acid,  and  also  another  extremely  soluble  aeid 
which  has  been  formed.  It  is  then  dissolved  in  a  moderately 
strong  solution  of  carbonate  of  sodium  and  filtered  for  the  purpose 
of  removing  a  small  quantity  of  an  oilv  sul)stance.  The  resulting 
sodium  salt  is  then  decomposed  by  nitric  acid,  which  causes  the 
new  product  to  separate  as  a  crystalline  precipitate,  which,  when 
thoroughly  washed  on  a  filter  with  cold  water  and  then  dried_,  con- 
stitutes pure  bibromosuceinic  acid. 

Carbon,   hydrogen,   and  bromine   determinations  of  specimens 
dried  in  vacuo  over  sulphuiic  acid,  gave  the  following  numbers: — 

I.     '4150  of  substance,  gave 
•2643  of  carbonic  acid  and 
•0600  of  water. 

II.     "2950  of  substance,  gave 
•4035  of  bromide  of  silver. 


Percentage  composition : — 


I. 

Carbon     . 

.     17-36 

Hydrogen 

1-60 

Bromine  . 

• 

n. 


—  58-2 

which  agree  with  the  formula, 

as  may  be  seen  from  the  following  table  : — ■ 


Carbon 

8 

equiv. 

Hvdroj^en 

4 

}> 

Bromine 

2 

}} 

Oxvgen 

8 

}> 

Tijeory. 

Experiment. 

48             17-39 

17-36 

4               1-44 

1-60 

160             57-97 

58-20 

64             23-20 

276  100-00 

Bibromosuceinic  acid  is  difificultlv  soluble  in  cold,  but  tolerably 
so  in  hot  water,  from  which  it  crystallises  on  cooling  in  opaque 
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prisms;  it  is  very  soluble  in  alcohol  and  extremely  so  in  ether. 
AVe  liave  found  the  latter  solvent  very  useful  in  separating  small 
quantities  of  this  acid  from  its  aqueous  solutious.  Crystals  of 
biln-omacetic  acid  decrepitate  when  gently  heated,  but  when 
subjected  to  a  high  temperature,  decompose  with  formation  of 
hydrol)roniie  acid.  It  has  a  strong  acid  taste  and  reddens  litmus 
rapidly.     We  have  but  cursorily  examined  the  salts  of  this  acid. 

Bibromosuccinate  of  sodium  is  very  soluble  and  appears  to 
contain  water  of  ervstallisation. 

Acid  bibromosuccinate  of  potassium  is  a  white  crystalline  salt 
sparingly  soluble. 

Bibromosi(cci?iate  of  silve?'  is  obtained  bv  addinj;  a  solution  of 
nitrate  of  silver  to  either  of  the  above  salts.  It  is  a  white  salt 
nearly  insoluble  in  water.  The  foUowiug  determinations  were 
made  of  a  specimen  dried  over  sulphuric  acid  in  vacuo  : — 

I.     '5316  of  substance,  gave 
•1879  of  carbonic  acid  and 
•0288  of  water. 

II.     '4163  of  substance,  gave 

•2418  of  chloride  of  silver  and 
•31Uo  of  bromide. 

These  results  agree  with  the  theoretical  numbers,  as  may  be  seen 
by  the  following  table  : — 

Theory.  Experiment. 


Carbon        8 

equiv. 

.       48 

9-79 

9.63 

Hvdroiien  2 

})         • 

2 

•40 

•60 

Bromine     2 

)}         • 

.     160 

44-08 

43-71 

Silver          2 

)y 

.     216 

32-05 

32-64 

Oxygen       8 

i)             • 

.       64 

3  3-08 

490  10000 

On  boiling  a  quantity  of  bibromosuccinate  of  silver  with  water, 
it  graduall\  decomposes,  with  evolution  of  carbonic  acid  and  forma- 
tion of  bromide  oi  silver;  the  ebullitiou  must  be  continued  until 
no  more  cirhonic  gas  is  evolved.  The  resulting  mixture  is  then 
thrown  on  a  filter;  the  less  soluble  portion,  which  consists  chiefly 
of  bromide  of  silver,  is  well  washed  with  water;  and  to  the  filtrate 
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which  contains  a  small  (piantity  of  silver  in  solution,  a  few  drops 
of  hydrocliloric  acid  are  added.  Tlic  liciuld  Is  then  separated  from 
tlio  chloride  of  silver  by  means  of  a  liltiM*,  and  cvai)orated  on  a 
water  bath,  until  of  a  syrupy  consistence.  After  remaining  at  rest 
for  four  and  twenty  hours  under  a  bell-jar  over  sulphuric  acid,  it 
is  found  to  contain  a  considerable  quantity  of  lar«^e  crj'stals, 
which  are  then  separated  from  the  residual  syrupy  acid  by  washin«^ 
rapidly  with  cold  alcohol ;  the  product  thus  obtained  is  tartaric 
acid. 

A  portion  of  this  acid  was  dissolved  in  water  and  divided  into 
two  equal  quantities.  One  of  these  was  neutralized  with  carbonate 
of  potassium,  and  then  the  other  added  to  it,  which  caused  the 
well-kuown  precipitate  of  the  acid  tartrate  of  potassium  to  form, 
whereof  we  made  the  following  carbon,  hydrogen,  and  potassium 
determinations : — 

I.  '202  grm.  of  substance,  gave 

•18S75  grm.  of  carbonic  acid  and 
•05  10  of  w  ater. 

II,         '205  grm.  of  substance,  gave 
•19200  grm.  of  carbonic  acid  and 
•0500  of  water. 

III.       '1545  grm.  of  substance,  gave 
•0590  of  chloride  of  potassium. 

Percentage  composition : — 

ni. 


I. 

u. 

Carbon 

.     25^49 

25-5 

Hydrogen 

.       2-9 

2-7 

Potassium 

• 

—  —  200 

These  numbers  agree  very  closely  with  the  theoretical,  as  may 
be  seen  by  the  subjoined  table  : — 

Theon-.  Experiment. 


Carbon 

8 

equiv. 

Hydrogen 

5 

}i 

Potassium 

1 

>) 

Oxygen 

12 

)} 

48 

25G0 

25-49 

5 

2-65 

2-80 

39-2 

20-OJ 

20-0 

96 

51-75 

188-2         10000 
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This  interesting  formation  of  tartaric  acid  maybe  thus  explained  : 

Bibromosucciuate  of  Silver.  Tartaric  Acid. 

evidently  showing  that  it  is  derived  from  four  molecules  of 
water. 

AVe  have  alluded  to  a  syrupy  acid  which  is  formed  at  tlie  same  time 
as  tartaric  acid,  and  from  which  it  had  to  be  separated  by  means 
of  cold  alcohol.  This  we  have  not  investigated,  as  its  nature  shows 
that  it  would  be  very  difficult  to  obtain  pure,  and  consequently  would 
require  considerable  quantities,  which,  coupled  with  the  expense 
and  labour  of  obtaining  only  a  few  grammes  of  bibromosuccinic 
acid,  has  induced  us  to  lay  this  part  of  the  investigation  aside  for 
the  present.  It  seems,  however,  probable  that  it  is  pyruvic  acid, 
which,  it  will  be  remembered,  is  formed  from  tartaric  acid  by  the 
loss  of  carbonic  acid  and  water ;  and  may  it  not  be  possible  that 
part  of  the  tartaric  acid,  at  the  moment  of  formation,  splits  up  into 
carbonic  acid,  w^ater,  and  pyruvic  acid  ? 

"We  are  now  investigating  monobrornosuccinic  acid,  from  which 
we  expect  to  obtain  some  interesting  results. 


XL — On  the  Composition  of  the  Platinidcyamdes. 

By  Edward  A.  Hadow,  Esq. 

As  the  platinidcyanides  are  derived  from  the  platinocyanides,  it 
will  be  well  briefly  to  mention,  in  the  first  place,  the  mode  of  forma- 
tion and  properties  of  the  latter.  The  platinocyanides  are  a  remark- 
able set  of  salts  belonging  to  the  stable  class  of  double  cyanides, 
exceeding  the  ferrocyanides  in  the  force  with  which  they  retain  the 
electro-negative  metal  and  disguise  it  tp  ordinary  tests.  Concen- 
trated and  boiling  nitric  or  hydrochloric -acids,  alone  or  mixed, 
extract  no  platinum  from  tliera ;  they  are  unaffected  by  digestion 
with  peroxide  of  mercury,  and  concentrated  boiling  sulphuric 
acid  liberates  cyanide  of  platinum  with  difficulty  only.    They  have 
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the  general  formula  iNICy.PtCy  or  MPtCy.,,  tlie  platinum  in  them 
existing  in  the  state  corresponding  to  protochloride  of  platinum, 
so  that,  before  preparing  these  salts  from  a  solution  of  bichloride 
of  platinum,  it  must  be  reduced  to  the  condition  of  protochloride, 
either  by  sulphurous  acid,  or  by  evaporation  to  dryness  and  expul- 
sion of  half  the  chlorine  by  heat.  The  product  in  cither  case  is 
treated  with  excess  of  cyanide  of  potassium  until  a  clear  solution 
is  obtained,  which,  if  previously  warm  and  sufHcientlv  couccn- 
tratcd,  will  deposit  on  cooling,  long  prisms  of  the  potassium-salt, 
from  which  the  other  platinocyanidcs  may  easily  be  derived,  bv 
precipitating  its  solution  with  that  of  a  salt  of  copper,  washing 
the  precipitate,  suspending  it  in  water,  and  decomposing  it  by  a 
current  of  sulphuretted  hydrogen  ;  the  solution  which  contains 
hydroplatinocyanic  acid,  and,  after  filtration  from  the  sulphide  of 
copper,  may  be  saturated  with  any  required  base.  A  more  conve- 
nient way  I  find,  in  many  cases,  is  to  treat  the  protochloride  of 
platinum  directly  with  the  required  base,  and  sufficient  hydro- 
cyanic acid  to  form  the  double  cyanide;  the  combination  takes 
place  easily  if  assisted  by  a  gentle  heat,  and  it  is  only  necessary 
to  crystallise  a  few  times  to  get  rid  of  the  chloride  present  in  the 
solution. 

These  salts  are  remarkable  for  the  great  beauty  and  variety  of 
the  colours  their  crystals  exhibit,  while  their  solutions  are  trans- 
parent and  colourless.  The  platinocyanide  of  magnesium  is, 
perhaps,  the  most  beautiful  of  these  salts;  it  forms  by  slow  evapo- 
ration large  and  regular  prisms  of  a  deep  red  by  transmitted  light, 
but  viewed  by  rcHected  light  the  sides  of  the  prisms  exhibit  a 
brilliant  beetle-green,  and  the  extremities  a  deep  blue  or  purple 
colour.  The  red  salt  gently  warmed,  even  under  water,  becomes 
bright  yellow,  which  is  also  the  colour  of  crystals  deposited  from 
a  solution  at  a  temperature  of  IGO  °F. ;  heated  to  212°  F.  the  salt 
becomes  quite  white,  and  again  at  a  higher  temperature  bright  yellow. 
These  changes  of  colour  correspond  to  successive  losses  of  water, 
the  ordinary  red  salt  containing  7  equiv. ;  the  yellow,  according  to 
Weselsky,  6  equiv.  At  212°  F.  the  salt  still  retains  2  equiv., 
which  are  only  expelled  by  a  heat  of  between  300"  and  400°,  when 
it  becomes  anhydrous  and  again  yellow.  If  a  portion  of  this  yellow 
anhydrous  salt  be  laid  on  the  red  salt  in  pawdcr,  it  will  soon 
abstract  water  (from  the  latter),  and  a  white  layer  will  be  ibrmed 
between  two  yellow  borders,  one  of  these  yellow  compounds  being 
agihydrous,    and   the   other   containing   6   equiv.    of  water.      lu' 
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endeavouring  to  prepare  this  salt,  I,  on  one  occasion,  made  use  of 
a  method  given  by  Quadrat,  which  consists  in  evaporating  to 
dryness  mixed  sokitions  of  sulphate  of  magnesia  and  platino- 
cyanide  of  potassium,  and  digesting  the  dried  mass  in  a  mixture 
of  alcohol  and  ether;  instead  of  which,  however,  I  used  only 
alcohol,  and  that  somewhat  weak,  and  by  so  doing  obtained  a 
solution,  which  gave,  in  addition  to  the  ordinary  dark  red  salt, 
another  set  of  crystals  of  a  paler  red,  and  exhibiting  a  steel-blue 
lustre  by  reflected  light,  instead  of  the  usual  emerald-green  of  the 
ordinary  salt.  Analysis  proved  it  to  be  a  double  platinocyanide  of 
magnesium  and  potassium,  having  the  formula 

MgPtCy2 .  KPtCy2   +  2H0   +   5aq  =  416-5. 

Calculated.  Found. 

2Pt     =     47-54  47-2  -  47*1 


4Cy     =      24-9 


/ 


Mg     =       3-00  302 


K        =       9-36  9-41 

2  HO  =       4-32  4-40  expelled  above  212°  F. 

5H0  =     10-81  10-97  expelled  at  212. 


100-00 


In  this,  as  in  many  other  platinocyauides,  a  portion  of  water  is 
retained  at  212°.  Tliis  salt  cannot  be  recrystallised  except  from  a 
considerable  excess  of  platinocyanide  of  magnesium,  and  even 
when  this  is  present,  sudden  cooling,  or  agitation  of  the  saturated 
solution,   causes  the  separation  of  the  potassium  salt  free  from 


magnesmm. 


These  platinocyanides,  represented  by  the  general  formula 
!MPtCv2,  may  be  transformed  into  the  salts  termed  platinidcya- 
nides,  by  the  action  of  chlorine,  bromine,  nitric  acid,  &c. — a  set  of 
compounds  characterised  in  the  crystalline  form  by  a  peculiar 
coppery  lustre,  and  to  which  the  general  formula  M2Pt2Cy5  has 
hitherto  been  assigned.  They  are  thus  represented  as  diti'ering 
from  the  platinocyanides  by  the  addition  of  an  atom  of  cyanogen 
to  everv  two  atoms  of  the  latter  salts. 

Mg,rt,Cy5  =  2(MgPtCy,)  .  Cy. 

This  somewhat  improbable  formula  seemed  yet  to  be  strongly 
contirmed  by  the  following  facts.     Gerhard t  at  first  doubted  it. 
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but  afterwards  confirmed  it  by  an  analysis  of  the  potassium-salt. 
A  determination  of  the  platinum  and  potassium  made  by  myselt* 
agreed  so  closely  with  the  requirements  of  tlie  fominla  as  also 
strongly  to  confirm  it.  These  salts  act  like  the  fcrrick'vanides  in 
presence  of  a  free  alkali, — exerting  a  powerful  bleaching  action  on 
cochineal;  they  also  liberate  iodine  from  iodide  of  potassium, 
confirniin":  the  analo":v  between  the  two  sets  of  salts.  They 
evolve  cvano^ren  when  heated  sufficientlv,  leavincr  a  resichic  of 
platinocyanide.  They  arc  produced  equally  l^y  the  action  of 
bromine,  nitric  acid,  and  other  oxidizing  agents  on  the  platino- 
cyanides,  showing  that  no  single  one  of  these  is  easentially  neces- 
sary for  their  formation. 

But  then,  on  the  other  hand,  the  following  difficulties  pre- 
sented themselves.  The  platinum  and  basic  metal  remain  in  the 
same  proportion  to  each  other  in  the  platinidcyanides  as  in  the 
pLitinocyanides  from  which  they  are  derived,  the  difference  being 
merely  an  excess  of  cvanoircn  in  the  latter  over  that  in  the  former. 
AVhence  is  this  cyanogen  derived  ?  In  the  case  of  the  ferrid- 
cyanides,  the  proportion  between  the  iron  and  the  basic  metal 
in  the  ferrocyanide  has  been  altered  by  the  chlorine,  which 
abstracts  a  portion  of  the  basic  metal,  leaving  the  cyanogen 
behind  to  explain  the  excess  found  in  the  ferridcyanide : 

2(M2FeCy3)   +   CI  =   M3Fe2Cy6   +   :\1CL 

But  to  account  for  that  in  the  platinidcyanides,  it  is  necessary  to 
assume  the  simultaneous  removal,  by  the  action  of  chlorine  on  the 
platinoeyanides,  of  equal  proportions  of  platinum  and  basic  metal : 

3(MPtCy2)    +   CI  =   M2Pt2Cy5   +   MCI   +   PtCy; 

an  explanation  which  appears  very  improbable  to  any  one  who  has 
observed  the  great  stability  of  the  platinoeyanides,  and  the 
remarkable  ease  with  which  the  transformation  by  chlorine  occurs. 
These  salts,  it  is  true,  have  an  oxidizing  etfect  in  presence  of 
potash,  in  consequence  of  which,  by  the  addition  of  an  oxidizable 
body,  they  are  reduced  to  platinoeyanides ;  but  then  it  ou-ht  to 
occur  with  simultaneous  formation  of  free  cyanide  of  potassium  : 

M2Pt2Cy5    +   KO    +   X   =   2(MPtCy2)    +    KCy   -r    XO, 

but  no  free  cyanide  can  be  detected  as  a  product  of  such  a 
reaction   in  any  ease.     Moreover,  there  exists  another  salt^  the 
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ultimate  product  of  the  action  of  chlorine  on  tlie  platiniclcyanicle 
of  potassium  (the  salt  chief!}'  examined),  usually  represented  by, 
the  formuhi  PtCy2.KCl,  the  formation  of  which  from  the  plati-l 
nidcyanicle  is  equally  dithcult  of  explanation  with  that  of  the 
latter  from  the  platinocyanide ;  and  further  still  is  it  difficult  to 
represent  the  mode  of  the  i  eduction  of  the  chlorinated  salt  to  the 
stdte  of  platinidcyauide,  which,  however,  actually  occurs  very 
readily  under  the  action  of  reducing  agents* 

The  determination  of  the  proportions  between  the  cyanogen 
and  the  platinum  at  once  served  to  clear  up  most  of  these 
difficulties.  The  proportion  was  found  to  be  identically  the  same  in 
the  platiuidcyanides  as  in  the  platinocyanides;  and  the  diflPerence 
between  the  two  sets  of  salts  in  composition  was  found  to  consist 
in  the  addition  of  a  certain  amount  of  the  chlorine,  bromine,  or 
other  elementary  or  compound  salt-radical  used  for  their  forma- 
tion,— so  that  there  exist,  not  one  set,  but  many  sets  of  platiuid- 
cyanides, requiring  the  prefix  of  chlorOj  bromo,  &c.,  to  distinguish 
them.  Such  being  the  case,  it  appeared  most  probable  that 
Knop's  and  Gerhardt^s  salts  had  been  true  cyano-platinocyanides, 
as  the  above  formula  indicates,  formed  under  some  peculiar  condi- 
tions, perhaps  in  presence  of  excess  of  cyanide  of  potassium,  so 
that  cyanogen,  instead  of  chlorine,  had  really  been  superadded  to 
the  original  platinocyanide,  and  that  the  salt  under  examination 
differed  from  theirs  only  in  containing  chlorine  in  place  of 
cyanogen.  I  was  therefore  not  a  little  surprised  to  find,  instead 
of  1  atom  of  chlorine  to  2  atoms  of  platinum,  which  a  chlorine- 
compound  analogous  to  this  cyanogen- compound  should  contain, 
not  above  a  third  of  that  quantity;  accordingly,  even  if  the 
chlorine  ever  were  truly  replaced  by  cyanogen — which,  after  several 
attempts,  I  failed  to  effect — the  formula  M2Pt2Cy5  never  could 
represent  the  composition  of  the  cyano -platinocyanides,  the  super- 
added cyanogen  being  too  large  in  amount  by  two-thirds. 

Considerable  difficulty  was  found  in  determining  the  amount 
of  chlorine  in  the  salts,  on  account  of  their  high  atomic 
■weight.  Repeated  combustions  of  the  chloro-platinocyanide 
of  potassium  with  nitrate  of  potash  and  carbonate  of  soda  gave  a 
proportion  of  1  equiv.  of  chlorine  to  between  6  and  7  equiv.  of 
platinum.  This  analytical  method  proving  unsatisfactory,  from 
not  giving  a  probable  formula,  a  synthetical  method  was  tried, 
with  better  success ;  it  was  found  that  a  solution  of  platino- 
cyanide  acidulated  with  hydrochloric  acid,  rapidly  and  perfectly 
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decolorises  a  solution  of  permanganate  of  potash,  until  the  platino- 
cyanide  has  taken  up  the  maximum  amount  of  chlorine,  and 
become  converted  into  the  salt,  PtCy.jKCl,  which  has  been  before 
mentioned  as  the  ultimate  product  of  the  action  of  chlorine  on 
the  chloro-])latinocyanides,  and  which  might  be  termed  the 
perchloro-platinocyanide  of  potassium.  As  no  method  could  be 
devisad  to  indicate  when  the  first  stage  of  the  change,  namely, 
from  platinocyanide  into  chloro-platinccyanide,  is  complete,  it 
was  not  possible  to  determine  the  amount  of  chlorine  necessary 
for  its  formation  in  this  direct  way ;  but,  starting  from  the 
chloro-platinocyanide,  it  was  eas}'"  to  determine  by  means  of 
permanganate  of  potash  how  much  additional  chlorine  was 
necessary  to  convert  it  into  the  perchloro-platinocyanide,  the  true 
composition  of  whicli  had  been  determined  and  found  to  have 
been  correctly  represented  in  its  elementary  proportions  by  the 
formula  hitherto  given.  It  was  thus  found  that  while  G  eqniv.  of 
the  platinocyanide,  containing  6  equiv.  of  platinum,  required  6 
of  chlorine  for  the  formation  of  the  perchloro-platinocyanide,  a 
quantity  of  the  chloro-platinocj^anide,  containing  the  same  amount 
of  platinum,  required  only  5  equiv.  of  chlorine  to  convert  it  into 
the  same  salt,  proving  that  1  equiv.  already  existed  in  this 
quantity  of  the  salt,  and,  therefore,  that  its  true  composition  in 
the  anhydrous  state  is  6(KPtCy2)  CI.  This  composition  explains 
its  oxidizing  power  in  alkaline  solutions,  and  why  no  free  cvanide 
can  be  detected  when  its  force  has  been  spent  on  an  oxidisable 
body: 

6(KPtCy2)Cl   +   KO   +   X  =  6(KPtCy2)    -f    KCl   +   XO, 

an  alkaline  chloride,  and  not  a  cyanide,  being  formed.  The 
evolution  of  cyanogen,  and  its  reduction  to  platinocyanide  when 
heated,  is  due  to  the  c)ilorine  partly  entering  the  salt,  and  dis- 
placing cyanogen;  (a  certain  amount  of  chloride  of  ammonium 
is  however  likewise  formed  at  the  time  when  moisture  is  present)  : 

6(KPtCy2)Cl   =   5(KPtCy2)    +    KCl   +   PtCy   +   Cy. 

The  salt  after  this  gives  a  somewhat  turbid  solution,  from  PtCy 
which  has  been  set  free.  The  formation  of  the  salt  from  the 
platinocyanide,  and  its  ready  conversion  into  the  perchloro- 
platinocyanide,  and  the  reduction  of  the  latter  into  the  chloro- 
platinocyanide     and     platinocyanide     successively,    by    reducing 


112  HADOW    OX   THE 

ajrcnts,  is  due  to  the  successive  additions  of  clilorine  in  one  case, 
and  successive  abstractions  of  it  in  tlie  otlicr,  uithout  any  forma- 
tion or  separation  of  cyanide  of  ])latiuum,  or  of  chloride  of 
potassium,  in  either  case — 

CiKPtCy.,)    +   CI   =    K,Pt,Cy,,Cl 
KfiPtgCy,.^Cl   -f   5Cl  =   6(KPtCy2Cl). 

The  chloro-platinocyanide  of  potassium,  as  ordinarily  dried  in  a 
hot- water  oven,  loses  the  percentage  of  water  given  by  Gcrhardt 
in  his  analysis,  but  still  retains  3  equiv.,  which,  together  with  the 
chlorine  overlooked,  correspond  pretty  nearly  in  wcii^ht  with  the 
excess  of  cyanogen  supposed  to  exist  in  the  salt,  and  which  thus 
appears  to  have  been  determined  by  difference  only.  The  compo- 
sition of  the  crvstalliscd  salt  is  : 

^^6^6Cyi2.Cl   +   3110    +    18aq   =    1364-5. 

The  direct  determinations  of  chlorine,  as  before  stated,  were 
unsatisfactory,  inasmuch  as  they  showed  on  the  average  a  deficiency 
of  about  020  per  cent.  The  salt  has  a  slight  tendency  to  lose 
Avater  of  crvstallisation  in  drs'  weather.  The  water  was  therefore 
determined  in  two  samples,  one  dried  spontaneously  in  the  air, 
the  other  by  strong  pressure  in  bibulous  paper  immediately  after 
removal  from  its  solution,  as  the  two  extremes  to  furnish  a  correct 
mean. 

Air-dried. 

ISHO  Loss  per  cent  at  212°   =   11-34 
3H0  „  400'  =     1-94 

Composition  of  salt  dried  at  212*^ : — 


Dried  by 
Pressure. 

Aver- 
age. 

Calculated 
for  18  HO. 

0-9         12-34 
1-97          — 

11-53 
1-96 

11-87 
198 

Found. 

Average. 

Calculated 

6Pt 

=    19-27 

5007 

48-7 

49-34 

49-39 

6K 

=    19  G8 

19-92 

19-80 

19-47 

12Cy 

* 

=   2.r83 

— 

— 

25-83 

25-95 

CI 

=     2-76 

2-82 

2-79 

2-79 

,      2-95 

3II0 

=     219 

2-23 

2-21 

2-24 

99-97  10000 

The   quantities  of  the  salt  taken  for  the  various  determinations 
varied   from   7   to   13  grs.     The   platinum    and   potassium    were 
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obtained  by  evaporation  ^vith  jinre  coiieentrated  sulphuric  acid, 
followed  by  gentle  ignition.  Tiie  cyanogen  uas  dctiu'niined  by 
combustion  of  1()*G  grs.  with  soda-lime. 

The  above  formula  represents  the  empirical  composition  of  the 
chloro-platinocyanide  of  potassium.  Its  true  rational  composition 
Avas  discovered  on  precipitating  its  solution  with  a  solution  of  zinc, 
when  it  was  found  to  have  resolved  itself  into  a  i)latinoeyanide, 
which  was  ])recipitated  in  combination  "with  zinc,  and  a  pen^hloro- 
platinocyanide,  which  remained  in  solution;  and,  accordingly,  ou 
mixing  a  solution  of  the  perchloro-platinocyanidc,  a  salt  which 
forms  laroje  colourless  crystals,  with  another  of  the  nearly  colour- 
less  platinoeyanide,  the  mixture,  if  sutlieiently  concentrated,  will 
deposit  immediately  an  abundant  croj)  of  copp(;r-coloured  crystals 
of  chloro-platinocyanide : 

SlKPtCyJ    -H    KPtCy^Cl   -    K.PtgCyj^Cl. 

It  appears,  in  fact,  to  be  a  double  salt  of  tlie  two. 

The  solution,  accordingly,  of  the  so-called  platinidcyanidcs 
exhibits  the  reactions  of  a  mixture  of  its  component  salts,  and  it  is 
thus  impossible  by  any  direct  tests  to  ascertain  whether  either  is 
in  excess  or  not;  this  point  can  only  be  determined  l)y  careful 
crs'stallisation.  By  this  latter  method  the  formula  of  the  chloro- 
platinocyanides  was  further  confirmed ;  the  two  component  salts 
were  mixed  in  various  proportions,  and  the  compound  salt  was  crys- 
tallised out,  when  one  or  other  of  its  components  would  be  found 
in  excess,  unless  the  right  proportions  had  been  taken.  The  results 
obtained  in  this  way  were  not  absolutely  satisfactory,  in  consc- 
quence  of  partial  decomposition  during  repeated  crystallisation ; 
but  they  served  to  counterbalance  the  determinations  of  chlorine 
by  analysis,  the  errors  in  the  numbers  obtained  being  in  the 
opposite  direction,  and  indicating  the  proportion  of  1  equiv.  of 
chlorine  to  between  5  and  G  equiv.  of  platinum.  It  was  found 
that,  from  whatever  solution  the  chloro-platinocyanide  was  crystal- 
lised, it  always  contained  the  same  amount  of  chlorine,  so  that 
there  appears  to  be  no  double  salt  intermediate  between  the 
chloro-platinocyanide  and  perchloro-platinocyanidc;  and,  accord- 
ingly, if  a  purely  cyanogen-platinocyanide  existed,  it  may  be 
concluded  from  analogy  that  it  would  have  the  composition, 

5(PtKCy2)  +  PtKCy3  and  not  (PtKCy2  +  PtKCy3) 

which  the  hitherto  accepted  formula  requires.     The  bromo-  and 
yoL.  XIII.  1 
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nitro-platinidcyanides  so  closely  resemble  the  corresponding 
chlorinated  salts  as  hitherto  to  have  ])een  confounded  with  them 
under  the  ^reneral  term  of  platinidcyanides,  and  as  their  appearance 
and  facility  of  formation  are  so  much  alike,  tliere  is  every  reason  to 
conclude  that  they  have  an  analogous  composition,  being,  in  fact, 
double  salts  of  a  platiuocyanide,  and  a  corresponding  perbromo- 
and  pernitro-platinidcyauide,  which,  like  the  highest  chlorine  com- 
pounds, are  colourless.  In  the  ca-se  of  nitric  acid,  NOg  must 
represent  the  chlorine  and  bromine  of  tlie  corresponding  salts. 
There  appear  to  be  no  analogous  iodine  compounds,  since  any  one 
of  these  salts  treated  with  iodide  of  potassium  immediately 
liberates  iodine.  But  there  are  analogous  compounds  containing 
the  salt  radical  SO^  in  place  of  chlorine,  bromine,  kc,  and, 
doubtless,  similar  compounds  with  the  salt -radicals  of  other 
acids :  the  existence  of  the  sulphuric  compound  was  inferred  in 
the  first  instance  from  finding  that  a  solution  of  a  platiuocyanide 
acidulated  with  sulphuric  acid  rapidly  decolorises  a  perman- 
ganate. The  crystallised  oxysu'pho-platinocyanide  of  potassium 
is  readily  obtained  by  adding  a  little  peroxide  of  lead  to  a  saturated 
solution  of  platiuocyanide  of  potassium  acidulated  with  sulphuric 
acid  ; — each  particle  of  peroxide  dropped  in  becomes  instantly 
enveloped  in  a  moss-like  growing  mass  of  the  copper-coloured 
salt. 

From  a  few  experiments  recently  made,  it  would  appear  that 
these  remarkable  compoimds  may  also  be  regarded  as  salts  in 
which  the  platiuocyanide  MPtCyj  plays  the  pan  of  a  metal,  since, 
in  the  sulphuric  compound,  the  sulphuric  acid  readily  admits 
of  replacement  by  another  acid  by  double  decomposition  with  a 
baryta- salt;  and,  accordiugly,  it  seems  to  be  not  unlikely  that 
there  are  oxygen-compounds  capable  of  acting  the  part  of  bases, 
and  combining  directly  with  acids  to  form  the  per-compounds 
which  by  combination  with  the  platinocyanides,  form  the  platinid- 
cvanides.  It  is  on  account  of  the  feeble  affinity  that  exists 
between  the  platiuocyanide  (as  a  compound  metal)  and  the  salt- 
radical,  th-t  reducing  agents  so  readily  decompose  them  into  the 
platiuocyanide  and  the  corresponding  acid,  just  as  they  would 
the  corresponding  salts  of  gold,  the  gold  being  supposed  to 
represent  the  platiuocyanide  in  its  feebly  electro-positive  character. 
If  sulphuretted  hydrogen  be  passed  into  their  solutions,  which 
are  neutral,  thev  immediately  become  strongly  acid. 


BUCKTON    ON    THE    STIBKTIIYLS    AND    STTiniKTII  V  [S.       115 

The  most  distinctive  reactions  between  the  piatinoryanides 
and  perehloro-platinocyanidcs,  are  that  the  former  ^mnc  an 
ahwndiint  sina/t-/)/ue  precipitate  with  nitrate  ot"  suhoxicK'of'  inercurv, 
and  a  jloccitleiit  l)hie  precipitate  with  salts  of  copper.  The  hitter 
i;ive  a  ivliitc  with  nitrate  of  sn])oxi(le  of  mercury,  and  a  hne  sandij 
hhie  with  salts  of  copper;  they  liberate  iodine  from  iodides;  and 
if  dro})ped  in  the  solid  form  into  a  concentrated  Svdntion  of 
platinocyanide  of  potassium,  they  are  immediately  coated  with 
copper-coloured  needles. 

The  platinidcyanides  in  solution  exhibit  both  sets  of  reactions, 
and  accordingly,  cannot  be  distin*>;nished  until  crystalHsed  out, 
when  their  dark  coppery  lustre  at  once  characterizes  them.  Tlie 
neatest  way  of  forming  the  cldorine  and  l)romine  salts  at  once  in 
a  state  of  purity  is,  to  take  a  concentrated  solution  of  a  phitino- 
cyanide,  measure  off  a  sixtli-part  and  convert  it  by  an  excess  of 
chlorine  or  bromine  into  the  perchloro-  or  perbromo- platinocyanide, 
expelling  the  excess  of  the  el  lorine  and  bromnu;  subbcquently 
by  a  gentle  heat,  and  then  adding  the  remaining  five-sixths  of 
platinocyanide;  in  a  very  short  time  the  double  salt  will  form 
abundantly  in  a  state  of  perfect  purity. 


XII. — On  the  Stihc'tJiyls  and  Stthwd/njls. 
By  G.  B.   Bucktox,  Esq.,  F.R.S. 

Chemists  are  already  aware,  through  the  researches  of  Dr. 
Hofmann,  that  zinc-ethvl  reacts  on  terchloride  of  antimony  in  a 
manner  similar  to  that  shown  by  teichloride  of  ])hosphorus; — in 
the  former  case,  triethvlstibine  is  formed,  in  the  latter  case,  tri- 
ethylphosphine.  The  same  successful  labourer  in  this  field  of 
chemical  inquiry,  in  his  profound  and  complete  history  of  am- 
monia, lately  ccmmunicated  to  the  Chemical  Society,  groups  these 
bodies  as  primary  triamincs,  or  ammonias  in  which  antimony  and 
phosphorus  severally  play  the  parts  of  nitrogen,  and  three  equiva- 
lents of  ethvl  those  of  hvdrogen. 

The  following  experiments  were  undertaken  with  the  intention 
of  testing  how^  far  the  compounds  of  antimony  with  methyl  and 
ethyl,  were  limited  to  the  ammonia-type,  and  more  particularly  to 
determine  whether,  by  assimilating  more  than  three  molecules  of 
methyl,  &c.,  bodies  might  arise  referable  to  the  types  of  anti- 
monious  and  antimouic  acids. 
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Triethylstibmc  is  known  to  combine  with  two  equivalents  of 
chlorine  or  iodine  to  form  its  haloid  salts.  If  substitution  could 
be  effected,  through  zinc-ethyl,  in  these  substances,  a  pentethylated 
radical  would  arise,  showing  the  antimony  in  a  complete  condition 
of  saturation. 

Coarsely  powdered  antimonv  attacks  iodide  of  ethyl  readily, 
when  sealed  in  tubes,  and  exposed  to  a  temperature  of  about 
140°  C.  An  oily  liquid  is  formed,  composed  of  biniodide  of 
triethylstibine,  with  probably  a  little  teriodide  of  antimony. 
This  biniodide,  Sb(C^ll5)3l2,  produces  considerable  heat  when 
mixed  with  zinc-ethyl,  a  pasty  mass  being  formed,  upon  the 
surface  of  which  a  yellowish  liquid  floats.  Distillation  is  attended 
by  an  abundant  eyolution  of  inflammable  gas,  which  is  charged 
with  the  yapoui'  of  tncthylsti])ine.  To  remove  as  far  as  possible 
the  inconyenience  of  these  dense  white  antimonial  fumes,  the  first 
distillation  is  best  performed  in  a  quilled  receiver,  the  tube  of 
which  is  plunged  into  water. 

The  yellowish  heavy  liquid,  obtained  as  above^  was  rectified  in 
an  atmosphere  of  coal  gas. 

The  first  portion  contained  a  little  ether,  which  was  separated, 
after  which  the  temperature  rose  to  150^,  between  which  and 
170°  C.  all  the  liquid  products  passed  over. 

The  fraction  boiling  below  160°  C.  had  the  properties  of 
triethylstibine,  but  gave  numbers  slightly  higher  than  those  re- 
quired by  theory. 


Theon- 

Experiment 

Sb 

129 

59-73" 

c.. 

72 

33-33 

33-51             33-97 

H.5 

15 

6-94 

7-17               7-39 

216  100-00 

Triethylstibine,  when  pure,  is  a  colourless  and  limpid  fluid, 
having  a  faint  odour,  which  can  scarcely  be  styled  alliaceous.  An 
unpleasant  and  very  persistent  taste  is  left  in  the  mouth  when  a 
small  portion  only  of  its  vapour  has  been  inhaled.  It  is  spon- 
taneously inflammable  in  air,  but  may  be  kept  unchanged  under  a 
layer  of  water.  It  mixes  with  bromine,  under  water,  without 
disengaging  any  noticeable  quantity  of  gas,  and  the  oily  bibromide  of 
triethylstibine  is  formed.  With  hydrochloric  acid  hydrogen  gas  is 
liberated,  and  the  corresponding  non-fuming  bichloride  is  produced. 

Triethylstibine    is    a    very    stable    body,    and    distils    without 
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liange.  Here  it  differs  from  Stauothyl,  wliicli,  as  Dr.  Fraiik- 
laiul  has  sliown^  deposits  wheu  heated,  halt"  its  quantity  of  tin,  and 
passes  into  stannic  diethyl. 

Lowig  and  Schweitzer  found  the  l)oihng  point  of  trietliylstiljinc 
to  be  159°  C. 

A  combustion  of  the  samples  boiling  between  1C0°  and  170°  C, 
showed  a  considerable  increase  in  the  percentage  of  both  carbon 
and  hydrogen. 

Although  the  numbers  obtained,  approach  more  nearly  the  com- 
position of  tetrethylstibine  than  that  of  pentethylstibine,  it  is 
thought  more  probable  that  the  latter  substance  is  really  con- 
tained in  the  mixture.  The  percentage  of  carbon  and  hydrogen 
was  not  increased  by  another  rectification  of  the  sample,  and  it 
soon  became  evident  that  the  body  was  broken  up  by  heat.  This 
observation  furnishes  an  explanation  of  the  copious  liberation  of 
gas  noticed  during  the  distillation  of  biniodidc  of  triethylstibine 
w  ith  zinc-ethvl. 

Sample  2. 


Tetrethylstibine. 

Sb      129         52-65 
Ci6      9G         3919 
II20      20           8-16 

Sair 

iple  1. 

37-51 

7-90 

37-44 

8-01 

245       100-00 

35-96         35-4i 
7-43  7-39 


The  decomposition  of  such  a  body  by  heat  is  analogous  to  that 
of  pentachloride  of  antimony,  which  is  thus  known  to  yield  chlorine 
gas  and  the  terchloride.     In  the  same  manner, 

Sb(C,H,)5  =  Sh(C,H,),  +  C,H.  +  C.II^II. 

The  existence  of  a  stibium  compound,  containing  more  than 
three  molecules  of  ethyl,  was  confirmed  by  the  deportment  of  the 
sample  under  examination  towards  bromine.  A  portion  of  the 
fuming  liquid  was  thrown  up  into  the  head  of  an  eudiometer  tube 
standing  over  mercury,  and  small  quantities  of  bromine  were 
introduced  from  time  to  time.  The  mixture  was  attended  with  a 
violent  action,  and  a  bulk  of  permanent  gas  was  formed.  As  the 
neutral  point  was  approached,  all  visible  action  ceased,  but  when  the 
bromine  was  in  slight  excess,  a  partial  absorption  of  gas  was  noticed. 

As  triethylstibine  unites  with  bromine  to  form  the  bibromide 
without  liberation  of  gas,  the  appearance  of  ethylene  and  hydride 
of  ethyl  can  only  be  explained  by  the  presence  of  a  more  complex 
ethylated  radical  than  triethylstibine. 
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Tlic  absorption  of  gas  also  would  thus  be  easily  explained. 
SbiCJIs)^  +  iBr  =  Sb(C,n5)3Hr2  +  C.II.Br^  +  C.U.K. 

Trietliylstibiue  passes  into  the  non-fuming  bichloride  also  more 
readily  with  concentrated  hydrochloric  acid  than  the  substance 
here  described,  which  loses  its  character  of  spontaneous  inflam- 
mability only  after  lonj^  boilinj;. 

It  is  remarkable  that  zinc-ethyl  is  not  attacked  by  bichloride  of 
triethylstibine,  even  when  the  mixture  is  raised  to  its  boiling 
point. 

The  most  characteristic  salt  of  triethylstibine  is  the  bisulphide, 
which  is  easily  formed  by  heating  the  radical  with  alcohol  and 
sulphur.  It  crystallises  in  long  silky  needles,  which  are  readily- 
soluble  in  water.  This  salt  is  rapidly  decomposed  by  boiling  in 
excess  of  aqueous  cyanide  of  potassium.  The  cyanide  is  in  this 
manner  eon\erted  into  sulphocyanide  of  potassium,  and  triethyl- 
stibine is  liberated  in  white  fumes. 

If  the  mixture  contiiining  the  higher  stibium-radical  be  boiled 
with  alcohol  and  sulphur,  there  is  formed,  together  with  bisulphide 
of  tri(  thylstibiiie,  a  considerable  quantity  of  bisulphide  of  ethyl. 
This  substance  becomes  immediately  evident  by  its  powerful  and 
repulsive  odour. 

Although  triethylstibine  is  remarkably  persistent  in  itself,  its 
salts  are  in  general  easily  reduced. 

The  most  convenient  method  of  obtaining  the  radical  triethyl- 
stibine is  by  distilling  its  salts  with  granulated  zinc.  As  the 
biniodide  is  easily  formed,  it  is  well  suited  for  such  an  operation. 
The  action  is  set  up  with  some  energy,  and  the  products  are  most 
conveniertly  received  under  water. 

I  have  failed  in  forming  substitution-products  by  bringing  to- 
gether triethylstibine  and  bisulphide  of  carbon.  The  same  failure 
also  has  happened  in  my  attempts  to  cause  a  reaction  between 
triethyUtibine  and  bibromide  of  ethylene.  An  interesting  body 
from  tri(  tliylphosphine,  homologous  to  sulphocarbamate  of 
ammonium,  has  been  obtained  bv  Ilofmann  : 

'^VK    4-  C  S    —    (^2^2)     ^2?  I^Qi 

A^  ith  triethylstibine  the  tubes  invariably  burst  at  a  temperature 
of  140   C,  and  below  this  point  no  change  appeared  in  the  materials. 
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Having  some  quantity  of  triL'tliylstibinc  at  my  disposal,  a  few 
experiuicnts  iu  contirmation  of  those  of  M.  Lciwig  were  made. 

On  the  Salts  of  TL'tretJnjJstihlne. 

Trietlivlstibinc  was  mixed  with  a  sli^iht  excess  of  iodide  of 
ethyl.  In  the  course  of  a  lew  hours,  a  mass  of  tine  crystals  of 
iodide  of  tetrethylstibine  was  obtained. 

Iodide  of  tetrethylstibine,  when  mixed  with  zinc-ethyl  and 
distilled,  yields  the  same  results  as  if  biniodide  of  triethylstibine 
had  been  employed.  Iodide  of  zinc,  fixed  gases,  and  a  mixture  of 
two  radicals  incapable  of  separation  by  heat  were  obtained. 

Oxide  of  Tetrethylstibine  is  very  soluble  in  water,  and  is  un- 
crystallizable.  AVhen  heated  above  100°  C.  it  undergoes  decom- 
position, with  liberation  of  white  fumes  of  triethylstibine. 

Sulphate  and  nitrate  of  tetrethylstiijine  are  crystalline  salts. 

Chloride  of  Tetrethylstibine  is  also  crystalline.  AVhen  dissolved 
in  water,  and  mixed  with  bichloride  of  platinum,  it  yielded  a  fine 
yellow  crystalline  salt,  which  was  but  little  soluble  in  alcohol. 

AVhen  ignited  and  separated  from  the  antimony,  the  following 
analytical  result  was  obtained. 

0-785G  grm.  of  salt,  gave  01752  grm.  of  platinum,  which 
accords  most  nearly  to  the  formula, 

SbtC^HJ.Cl.PtCl^ 

Theory  requires.  Found. 


Sb     . 

.     1290 

28-63 

^16     • 

9()0 

21-30 

■"20     • 

.       20-0 

4'U 

CI3     . 

.     106-5 

23-65 

Pt       . 

990 

21-98 

22-31 

450-5       10000 

Lowig  obtained  a  salt  much  richer  in  platinum,  to  which  he 
assigns  the  composition, 

3PtCl2,  2(Sb(C\  Il5),Cl). 

Action  of  Zinc-methyl  on  Biniodide  of  Trimethystibine. 

As  the  methyl- molecule  is  simpler  in  structure  than  that  of 
ethyl,  it  was  thought  that  a  penta-methylated  body  mi-ht  possibly 
resist  decomposition  during  distillation.  The  biniodide  of  tri- 
methylstibine  may  be  obtained  in   beautiful  crystals,  by  acting  on 
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metallic  antimony  Avitli  iodide  of  methyl,  at  a  temperature  of 
1-iO^  C.  As  these  crystals  were  fouiul  to  decompose  zinc-methyl 
energetically,  an  appeal  was  again  made  to  experiment. 

The  materials  were  mixed  slowly  in  a  retort,  and  after  the  first 
action  had  subsided,  the  mass  was  submitted  to  a  temperature  of 
100°  in  a  water-bath,  whicli  removed  tlie  excess  of  zinc-methyl  and 
ether.  Subsequently,  the  distillation  of  the  solid  mass  was  com- 
pleted over  the  sand  bath. 

In  this  way,  a  heavy  pale-coloured  liquid  was  obtained,  which, 
after  agitation  with  water  and  weak  acid,  was  rectified  in  an 
atmosphere  of  coal  gas,  heat  being  applied  by  a  water-bath. 

Fractions  were  taken  between  80°— 86°,  86°— 96°,  96°— 100°  C. 

All  these  samples  had  the  following  properties : 

They  were  oily  bodies  with  faint  odours,  heavier  than  water, 
with  which  they  did  not  mix.  When  exposed  to  the  air,  they  were 
not  spontaneously  inflammable,  neither  did  they,  at  ordinary 
temperatures,  give  off  white  fumes.  When  dropped  on  a  warm 
surface,  however,  they  ignited  and  burnt  with  a  luminous  flame, 
accompanied  by  a  dense  antimonial  cloud. 

The  following  numbers  were  obtained  by  analysis  of  these 
samples : — 

80"— 86°  86°— 96°  96°— 100° 


Carbon     .         .     21-99     21*20         26*90         30-18     31-64 
Hvdro^en  .       5*08       5-23  5-92  6-83       6*98 

For  comparison,  the  numbers  required  by  theory  for  antimony 
with  three,  four,  and  five  equivalents  of  methyl,  are  appended. 

Sb  Me^  Sb  Me5 

Sb       68-37  Sb       63-19 

Cg        25-39  Cio      29-46 

Hi2       6-34  His        ^'•35 


Sb  Me, 

Sb 

74-25 

c. 

20-69 

H9 

516 

10000  100-00  100-00 

Notwithstanding  the  circumstance  that  the  above  samples  are 
not  spontaneously  inflammable  (a  character  pre-eminently  shewn  by 
trimethylstibine),  the  composition  of  No.  1,  seems  to  indicate  its 
identitv  with  that  body.  Before  being  confident  with  reference  to 
the  composition  of  Nos.  2  and  3,  some  weight  must  be  given  to 
an  observation  here  made,  viz.,  that  in  the  decomposition  of  zinc- 
methyl  by  a  high  temperature,  instead  of  gases  being  eliminated, 
as  is  known  to  be  the  case  with  zinc-ethyl,  hydro-carbons  are  pro- 
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duced  wliicli  burn  witli  a  smoky  flame.  These  substances  I  liave 
not  yet  been  able  to  examine^  but  it  would  appear  that  the  methyl- 
molecules  undergo  duplication,  and  thus  give  rise  to  bodies  pos- 
sessing high  boiling  points. 

It  is  therefore  possible,  that  pentamethylstibine  may  he  resolved 
by  heat  into  triraethyhtibine  and  such  a  hydrocarbon.  This 
would  account  also  for  the  excess  in  the  carbon  and  hydrogen 
given  by  analysis  of  sample  No.  3. 

In  conclusion,  it  is  thought  that  a  reviewal  of  these  experiments, 
in  both  the  ethvl  and  methyl  scries,  will  iustifv  the  conclusion 
that  the  higher  stibium  organo-radicals  exist.  A  better  method  for 
their  isolation  however,  is  still  a  desideratum. 

Apparatus  for  general  fractional  Distillation  in  Carbonic  Acid  Gas. 

A.  Inverted 
bell  glass  with 
open  neck. 

B.  Stand  with 
thick  vulcanized 
indian  rubber 
collar  E. 

C.  Circular 
table  with  sockets 
for  holding  bottles 
1,  2,  3,  &c. 

D.  Thick  glass 
rod,  sliding  air- 
tight through  col- 
lar and  stand,  by 
which  the  table 
and  bottles  may 
be  raised,  lowered, 
or  rotated  at 
pleasure. 

F.  Quilled  re- 
ceiver and  retort. 

I.  and  K.  Tubes 
for  entrance  and 
exit  of  carbonic 
acid  or  other  gas. 

G.  Clamp  with 
forked     arm,     to 

secure  the  bell  to 

the     stand,     and 

permit  the   table 

to  rotate  eccentrically,  if  required.     The  tube  of  the  receiver  may  thus  be  introduced 

into  any  one  of  the  bottles, 

H.  Slate  cover,  which  may  be  ground  to  fit  the  lip  of  the  bell,  or  simply  luted  to 
it  with  linseed. 
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XIII. — On  Crystallized  Sodium  and  Potassium, 
By  Charles  Edward  Long. 


c — 


In  endeavouring  to  prepare  perfectly  bright  specimens  of  sodium 
and  potassium,  I  have  succeeded  in  obtaining  large  crystals  of 
both  metals.     I  will  briefly  describe  the  method  now  employed. 

A  piece  of  the  best  combustion 
tube  about  2J  feet  in  length,  and 
f -inch  in  bore,  is  sealed  up  at  one 
end,  and  contracted  before  the  blow- 
pipe at  about  one-third  of  its  length 
from  the  sealed  end  (fig.  1).  A 
glass  funnel  with  a  wide  rim  (fig.  2) 
is  then  prepared  so  as  to  fit  into  the 
tube  as  represented,  care  being  taken 
that  the  funnel  fits  at  the  rim  alone. 
Into  the  filter  is  introduced  a  piece 
of  wire  gauze,  in  which  a  small  hole 
has  been  cut  at  a  (fig  2).  The 
sodium  (or  potassium)  is  now  intro- 
duced into  the  upper  part  of  the 
tube  in  fragments  which  have  been 
freed  from  all  adhering  oxide,  and 
especially  from  rock-oil,  by  cutting 
the  metal  clean  with  a  knife.  Before 
introducing  the  metal,  the  tube  is 
filled  with  coal-gas  which  has  been 
dried  and  partly  purified  by  passing 
through  oil  of  vitriol.  For  this 
purpose,  the  delivery  tube  is  passed  through  the  tube  b,  which  is 
fitted  with  a  cork  into  the  larger  tube. 

After  the  introduction  of  the  metal,  the  gas  is  still  passed  into 
the  tube ;  the  delivery  tube  is  then  drawn  out  and  the  tube  b  is 
lightly  corked.  The  large  tube  is  now  drawn  out  and  sealed 
before  the  blowpipe  at  c,  care  being  taken  to  avoid  melting  the 
metal,  lest  it  should  attack  the  glass  and  render  it  brittle.  The 
metal  is  next  fused  in  the  upper  part  of  the  tube,  and  partially 
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poured  off  from  the  oxide,  so  as  to  present  a  bright  surface  for  the 
absorption  of  any  oxygen  there  nuiy  be  in  the  tube.  The  whole  is 
then  allowed  to  stand  for  several  davs,  after  whicli  the  nu^tal  is 
again  melted,  poured  through  the  filter  into  the  lower  portion  of 
the  tube,  and  allowed  to  solidify.  The  tube  is  now  cautiously 
heated  at  d,  so  as  to  detach  the  rim  of  the  filter,  which  will  then 
readily  fall  back  to  the  top  of  the  tube  on  reversing  its  position, 
leaving  a  perfectly  clean  surface  of  tube  of  about  3  inches.  The 
lower  tube  may  now^  be  drawn  out  and  sealed  at  e. 

In  this  manner  either  metal  may  be  obtained  without  the 
slightest  tarnish  or  oxidation.  In  order  to  crystallise  the  metal, 
it  is  fused  over  a  Bunsen^s  lamp,  and  allowed  to  cool ;  as  soon  as 
the  solid  points  of  crystals  appear  on  the  surface,  the  liquid  portion 
is  poured  off  by  suddenly  inclining  the  tube.  Specimens  prepared 
in  this  manner  18  months  ago,  still  retain  their  lustre  unimpaired. 

Sodium. — Sodium  presenting  a  perfectly  clean  metallic  surface, 
is  not  silver-white,  but  is  of  a  most  beautiful  rose  colour.  The 
colour  is  best  seen  when  a  ray  of  light  falling  upon  a  surface  of  the 
metal  is  reflected  back  from  a  second  surface  of  sodium,  and  again 
reflected  from  the  first,  so  that  more  of  the  light  of  the  primitive 
ray  is  decomposed  than  by  direct  reflection,  since  the  great  number 
of  undecomposed  reflected  rays  entirely  masks  the  small  number 
of  pink  rays,  as  is  the  case  w  ith  silver,  which  is  really  yellow  and 
not  white.  The  pink  colour  of  sodium  is  brought  out  more 
strongly  by  contrasting  the  metal  with  bright  potassium,  which 
has  a  greenish-blue  tinge. 

Sodium  is  obtained  in  large  octahedra  by  crystallisation.  It 
does  not  crystallise  in  the  regular  system,  but  most  probably  in 
the  quadratic  system.  As  it  is  impossible  to  measure  the  crystals 
by  reflection,  owing  partly  to  their  being  enclosed  in  a  glass  tube, 
but  chiellv  to  the  irrecrularitv  of  the  faces  which  are  always  striated 
in  a  direction  at  right  angles  to  the  major  axis,  I  was  only  able 
to  measure  the  facial  angles  by  using  a  narrow  tube  provided  with 
an  arc,  and  across  which  a  fine  hair  was  stretched.  Unfortunately 
I  have  not  obtained  any  crystals  with  the  base-angles  well  defined. 
The  following  are  measurements  of  the  angle  of  the  apex  : — 


Crystal  I.     face  a 

V 

face  b 
Crystal  II. 


A] 

ngle  of  apex. 

1 

2 

3 

49°-8 . 

50°-0 

50°-5 

50°-5 

50°  0 

49^-5 

49°  5 

50°-0 

49°-5 
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Potassium. — Has  a  greenish  or  greenish  blue  tint.  The  beauti- 
ful green  colour  of  the  vapour  may  be  observed  by  volatilizing  a 
small  portion  of  the  metal  in  a  sealed  tube  containing  no  oxygen. 
It  is  much  more  crystalline  metal  than  sodium,  but  is  more 
dilhcult  to  obtain  in  good  crystals,  since  it  passes  almost  imme- 
diately from  the  liquid  to  a  pasty  state.  The  crystals  present  an 
almost  smooth  metallic  appearance  for  a  few  moments  after  the 
liquid  metal  has  been  poured  off.  Suddenly  they  assume  the 
appearance  of  frosted  silver,  a  network  of  minute  lines  darting  out 
in  every  direction.  For  this  reason,  they  disperse  light  much  more 
than  sodium  crystals,  whereby  the  real  colour  of  the  metal  is 
effectually  masked. 

Potassium  crystallises  in  obtuse  octahedra  belonging  to  the 
quadratic  system.  The  following  are  the  measurements  of  the 
three  facial  angles  of  one  of  the  crystals.  In  crystal  II,  I  was 
only  able  to  measure  one  of  the  angles  of  the  base : — 


XI Y. — 0?i  Zinc-methyl/^ 
By  J.  A.  Wanklyn,  F.R.S.E., 

DEMON'STBATOB   OF   CHEMISTEY   IS.  THE   UNIVEBSITT   OF   EDINBtJEGH. 

Zi.NC-METHYL  was  discovcrcd  rather  more  than  ten  years  ago  by 
Frankland.  It  was  then  obtained  nearly  pure,  but  in  quantity 
so  small,  that  many  of  its  leading  physical  properties,  including 
its  vapour-density,  specific  gravity,  and  boiling  point,  were  not 
determined.  More  recently,  the  subject  has  again  been  taken 
up  by  the  same  chemist,  who  this  time  operated  upon  several 
pounds  of  materials,  and  under  conditions  widely  differing  from 
those  of  his  former  experiments. 

*  An  abstract  of  thia  paper  was  read  before  the  Royal  Society  of  Edinburgh, 
April  2nd,  1860. 


1 

2 

3 

Crvstal  I. 

Angles  of  base 

{; 

52°-0 
52°-0 

52°-0 
52°-0 

52°-0 
52°-0 

• 

Angle  of  apex 

7 

75°-5 

75°-8 

76°0 

1 

2 

3 

4 

Crystal  II. 

Angle  of  base 

52° 

0       5r-5 

5r-8 

5r-8 
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The  latter  investigntion  lias,  however,  not  been  so  successful  as 
the  former,  inasmuch  as  it  has  given  no  pure  zinc-metliyl,  having 
instead  disclosed  peculiar  and  unlooked-for  difficulties  in  the 
preparation  of  that  compound. 

When  zinc  and  iodide  of  methvl  are  heated  to^rether  in  closed 
tubes,  the  following  reactions  take  place : — 

(1)  .         .     Zug  +  C^HsI  =  Znl.ZnCJI^ 

(2)  .         .     Zn2  +  2C2H3T=  2ZuI  -|-  C2H3.C2H3. 

At  moderate  temperatures,  the  former  reaction  predominates; 
at  higher  temperatures,  the  latter.  AVhen  only  iodide  of  methyl 
and  zinc  are  employed,  and  no  ether  is  used,  it  is  impossible  to 
obtain  complete  decomposition  of  the  iodide  without  at  the  same 
time  obtaining  much  gas.  This  circumstance  renders  it  imprac- 
ticable to  prepare  much  zinc-methyl  by  this  method,  as  the  high 
pressure  of  the  generated  gas  necessitates  the  employment  of  very 
small  tubes.  The  copper  digester,  which  Frank  land  employs 
for  the  manufacture  of  this  class  of  substances  cannot  be  made 
to  replace  the  small  glass  tubes.  Frankland  has  found  that 
when  the  materials  are  heated  in  the  copper  digester,  no  pure 
zinc-methyl  can  be  obtained. 

A  mixture  of  ether  with  iodide  of  methyl  is  easily  converted 
into  iodide  of  zinc  and  ethereal  solution  of  zinc-methvl.  Here, 
however,  a  fresh  difficulty  arises.  Fractional  distillation  does  not 
avail  to  separate  ether  from  zinc-methyl.  And  so  pertinaciously 
do  these  two  liquids  cling  to  one  another,  that  it  is  even  a  matter 
of  doubt,  whether  a  chemical  compound  does  not  exist  between 
them. 

To  this  point  our  knowledge  was  advanced  by  the  publication 
of  Frankland's  paper*  last  year. 

My  attention  was  drawn  to  this  subject,  in  the  course  of  my 
investigation  of  the  compounds  formed  by  methyl  with  the 
alkali-metals.  These  compounds  are  prepared  by  acting  upon 
zinc-methyl  with  the  alkali-metals.  At  first  I  employed  the 
solution  of  zinc-methyl  in  ether,  but  I  found  the  ether  to  be  a 
very  troublesome  complication,  and  therefore  was  led  to  enquire 
whether  it  were  really  impossible  to  obtain  zinc-methyl  in  a  state 
of  purity  and  at  the  same  time  in  considerable  quantity. 

♦Ann.  Ch.  Pharm.  cxi.,  62;  also  Bakerian  Lecture,  1859. 
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During  my  experiments,  I  observed  the  fact  that  a  strong 
ethereal  sohition  of  ziuc-methyl,  equally  with  ether,  renders  the 
decomposition  of  iodide  of  methyl  by  zinc  easy  and  comparatively 
unaccompanied  by  the  evolution  of  free  methyl.  Thereupon 
I  tried  a  stron2;er  solution  of  ziuc-methvl  and  found  it  also 
effectual.  A  still  stronger  solution  was  also  successful,  and  it 
seemed  that  even  pure  ziuc-metliyl  itself  possessed  the  same 
property.  Here,  then,  was  an  available  method  of  making  pure 
zinc-methyl.  Strong  ethereal  solution  of  that  compound  was 
first  prepared.  The  strong  ethereal  solution  was  next  mixed 
with  iodide  of  methyl  and  sealed  up  with  zinc;  then,  after 
digestion  in  the  water-bath,  distilled.  In  this  manner,  a  stronger 
solution  of  zinc'-methyl  was  prepared.  By  repeating  the  process, 
a  sufficient  number  of  times,  the  amount  of  ether  originally  taken 
was  made  to  bear  a  very  trifling  ratio  to  the  ultimate  product; 
and  indeed  could  be  made  to  vanish  altogether. 

In  evidence  of  the  practicability  of  the  plan  just  proposed, 
I  may  mention,  that  the  product  from  a  single  tube,  which  had 
undergone  four  successive  digestions,  amounted  to  about  half  an 
ounce,  and  proved  to  be  zinc-methyl  as  pure  as  the  gramme  or 
two  obtained  by  Frankland  ten  years  ago. 

Before  giving  the  analysis  of  this  sample,  I  will  just  men- 
tion a  few  particulars  connected  with  its  preparation,  which 
may  be  interesting  to  any  one  who  may  desire  to  prepare  the 
compound. 

The  digestions  were  ail  made  in  the  water-bath,  the  substance 
beinfif  alwavs  contained  in  o:lass  tubes.  In  order  that  an  ounce 
or  two  of  iodide  of  methyl  might  be,  with  safety,  heated  in  a 
single  tube,  the  precaution  was  taken  of  opening  the  tube  several 
times  in  the  course  of  the  digestion.  By  this  means,  a  dangerous 
accumulation  of  hydro-carbon  gas  was  avoided.  The  distillation, 
of  the  zinc-methyl  was  made  over  the  naked  flame.  Finally, 
pre™usly  to  the  last  distillation,  a  digestion  with  metallic-zinc, 
without  any  fresh  iodide  of  methyl,  was  made. 

I  mav  also  mention  that  iodide  of  zinc  forms  with  zinc-methvl, 
a  crvstalline  compound  of  great  beauty  and  very  difl'erent  in 
appearance  from  the  crystalline  compound  between  iodide  of  zinc 
and  zinc-ethyl.  This  compound,  containing  probably  one 
equivalent  o^  zinc-methyl  combined  with  one  equivalent  of  iodide 
of  zinc,  I  regard  as  the  representative  of  the  so-called  iodide  of 
mercury-methyl  obtained  by  Frankland. 
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Double  zinc  compound.  Double  mercury  compound. 

Passing  on  to  the  properties  of  the  half-ounce  of  zinc-methyl, 
whose  preparation  I  have  just  clescril)e(l : — It  was  highly  inflam- 
mable and  acted  upon  water  with  explosive  violence^  agreeing 
with  Frankland^s  description  of  that  compound.  In  one 
particular,  however,  our  observations  do  not  accord  with  one 
another.  The  poisonous  nature  of  the  fumes,  their  action  upon 
the  nervous  system,  which  Frankland  mentions,*  I  have  not 
been  able  to  verify.  I  have  distilled  zinc-methyl  more  than  a  dozen 
times,  and  been  much  exposed  to  its  fumes,  and  still  have  not 
been  able  to  mark  any  particular  effect  upon  mj'^self. 

In  addition  to  the  properties  detailed  by  Frankland,  I  have 
to  record  that  zinc-methyl  in  a  state  of  purity,  is  very  per- 
manent. If  carefully  excluded  from  the  atmosphere,  it  will  bear 
without  decomposition  a  temperature  of  at  least  200°  C. 
V  At  about  270°  C,  it  begins  to  be  reduced  to  metallic  zinc  and 
hvdro-carbon  srases. 

I  have  made  an  analysis  of  the  sample  of  zinc-methyl  with  the 
following  results  : — 

I.  -1134  grm.  of  the  liquid  were  passed  up  into  a  graduated 
tube  standing  in  the  pneumatic  trough  and  tilled  with  water. 
Hydride  of  methyl  ^^as  evolved,  measuring  48*77  cubic- 
centimeters  (dry)  at  760  m.m.  pressure  and  0^  C.  This  equals 
•034898  grm.  by  weight : — 

Hydride  of  methyl  per  cent.  =  30*77. 

II.  *II72  grm.  similarly  treated  gave  *0361  grm.  of  hydride 
of  methyl  or  30*83  per  cent. 

The  theoretical  percentage  of  hydride  of  methyl,  which  pure 
zinc-methyl  should  give  on  treatment  with  water  equals  33*51. 

These  results  do  not  depart  from  the  theoretical  quantity 
further  than  that  which  Frankland  published  ten  years  ago. 
His  percentage  of  hydride  of  methyl  was  29*91. 

In  estimating  the  value  of  these  determinations,  it  should  be 
borne  in  mind  that  the  quantity  of  hydride  of  methyl  obtained 
represents  its  equivalent  of  unoxidized  zinc-methjd.  The  slightest 
oxidation  tells  enormously  upon  the  analysis;  for  not  only  does 

*  Ann.  Ch.  Pharm.  Ixxi.,  page  214. 
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the  oxTg^n  Icwer  the  percent^e  of  methyl  by  its  presence,  but  by 
combinini:  with  a  certain  amount  of  zine-methTl,  it  still  further 
lowers  the  percentage  of  methyl  which  can  decompose  water. 

The  crreat  violence  of  the  reaction  between  zinc-methrl  and 
water  is  also  a  source  of  loss,  especially  when  water  and  not 
mercury  is  the  confining  fluid,  as  was  the  case  in  both 
Frankland's  analvsis  and  mr  own. 

A  determination  of  the  vapour- density  by  Gay  Lussac's method 
was  also  made.  'llOo  grm.  of  zinc-methyl  were  employed.  The 
temperature  to  which  the  vapour  was  exposed  was  100^  C ;  the  boil- 
ing point  of  the  compound  lying  between  50'  C  and  60°  C.  The  ex- 
periment gave  3*291  as  the  vapour  density  of  zinc-methyl.  If,  as 
seems  likely,  the  condensation  of  this  compound  is  analogous  to  that 
of  its  ethyl  representative,  the  theoretical  vapour-density  is  3*299, 
a  number  which  is  nearly  identical  with  that  found  by  experiment. 

The  aecnrate  determination  of  its  boiling  point,  and  also  of  the 
specific  gravity  in  the  liquid  state,  I  hope  shortly  to  have  an 
opportunity  of  making,  as  I  expect  at  no  very  distant  period  to 
be  in  possession  of  several  ounces  of  pure  zinc-methyl. 

I  cannot  conclude  this  paper  without  calling  attention  to  the 
verv  remarkable  state  of  condensation,  disclosed  bv  examination 
of  the  vapour-densities  of  zinc-ethyl,  zinc-methyl,  mercury-ethyl, 
mercurv-methvl,  and  indeed  of  all  the  so-called  ororano-metalhc 
bodies  so  far  as  has  vet  been  investis'ated.'* 

It  has  been  said,  the  metals  are  the  strict  representatives  of 
hydrogen ;  and  yet,  in  not  a  single  compound  of  a  metal  with 
a  hvdro-carbon  radical,  has  the  metal  been  found  in  the  state  of 
condensation  of  hydrogen.  If  we  write  the  formulae  of  equal 
volume  of  several  of  these  bodies,  we  arrive  at  the  following 
expressions : — 

Z5ae-metiiTL  Zine-etLxL  Merenrv-metliTl  Merctirv-etliji 

DistarTi-inethvL  Distann-ethTl, 

c:h3  }  ^""^ '         ctn!  r  s°'- 

'Wrrting  aL^o  the  formulae  of  equal  voltmies  of  the  hydrogen  and 
oxygen  terms  for  comparison  with  the  former : — 
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Hydride  of  methyl.  Hydride  of  ethyl.  Methyl-ether.  Ethyl-ether. 

f  Inspection  of  tlic  above  shows  that,  considered  as  to  the  state 
of  condensation  in  their  hydro-earbon  compounds,  the  metals  do 
not  represent  hydrogen :  mercury  and  zinc  represent  oxygen. 

Nor  is  this  peculiarity  confined  to  the  organic  case.  Devi  He 
and  others  liavc  recently  taken  the  Aapour-density  of  various 
metallic  chlorides  and  have  found  that  these  likewise  are  present 
in  a  more   condensed  form   than    their  hydrogen   representative. 

Whereas  the  formula  of  hydrochloric  acid  is  p,  >  ,  the  formula  tjf 
an  equal  volume  of  metallic  chloride  is  ^,,21  qj.   "   4L     ^c. 


XY. —  On  some  derivatives  from  the  Ohjhies. 

Hy  Frederick  Guthrie. 

III. 

The  introduction  of  nitroxine*  into  organic  bodies,  and  the  forma- 
tion of  the  so-called  nitro-compounds,  has  been  liithcrto  eftccted, 
with  apparently  a  single  exceptiont  by  the  action  of  nitric  acid, 
either  alone  or  in  presence  of  sulphuric  acid.  The  reason  of  this  is 
obvious : — such  introduction  has,  in  every  tase,  consisted  in  the 
replacement  of  hydrogen  by  nitroxine.  The  nitric  acid  offers  its 
fifth  atom  of  oxygen  to  the  hydrogen  being  replaced,  while,  the 
nitroxine  replaces  it.  Such  replacement  is  of  course  double 
rocomposition  exprcsssed  generally  by  the  equation, 

c,„. . .  .11,,  +  p{oy.o,)  =  c„. . .  .ii„.,(Xo,)  +  ^110 

and  is  quite  parallel  to   the  reaction  attending   the  formation   of 

*It  vill  bo  found  convenient  to  call  NO^  nitroxine,  a  compact  term,  recalling 
the  analogy  which  this  molecule  hears  to  chlorine,  iodine,  etc. :  Accordingly  the 
nitrites,  MONO.,  will  be  nitroxides  MXO4  as  has  been  sometimes  proposed. 

Further  rcirardinir  the  nomenclature,  as  with  the  chlorides,  C^H^CL  is  bichlor- 
ethyicue,  C^H^Clj  bichloride  of  ethylene,  etc.: — So  with  the  nitroxides: 

C^.iHjNO^,  Nitroxinapthaline 

{}ij,Hi.2X0^,  Biuitroxide  of  Amylene,  etc. 

tSeebelo\Y;  nitroxiuapthaliue. 

VOL.  Xlll.  K 
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the  chlorine  substitution  derivatives  obtained    by  the   action   of 
chlorine, 

Cna-  .  .  .H^    +  i^(Cl  CI)    =    C^.  .  .  .Hn.pCl   +  i^HCl 

and  probably  also  to  that  which  occurs  when  chlorine  is  introduced 
by  means  of  hypochlorous  acid. 

The  formation  of  binitroxide  of  amylene,  CjqHjo.2N04,  by  the 
action  of  nitric  acid  upon  amylene,*  immediately  suggested  the 
question : — 'May  the  olefines  whose  privilege  it  is  to  combine 
directly  with  two  atoms  of  the  halogens,  without  elimination  of 
hvdracids,  behave  in  a  similar  manner  towards  nitroxine  ? 

If  nitroxine,  prepared  by  heating  anhydrous  nitrate  of  lead,  be 
passed  through  an  empty  bottle  and  then  into  a  flask  containing 
amylene,  the  gas  is  instantly  absorbed  and  the  amylene  gradually 
becomes  converted  into  a  pasty  mass  of  minute  crystals.  To 
avoid  loss,  the  flask  containing  the  amylene  should  be  surrounded 
by  a  freezing  mixture.  The  product  is  thrown  upon  a  filter, 
washed  with  cold  alcohol  in  order  to  remove  an  oily  liquid  which 
accompanies  the  crystals,  then  recrystallised  from  boiling  ether, 
and  dried  in  vacuo  over  sulphuric  acid. 

I.  0'2682  grm.  gave  0-3664  grm.  carbonic  acid  and  0'1572  water. 
II.  0-2290  grm.  gave  32-3  cc.  of  nitrogen  at  760  mm.  and  0°   C 
which  gives. 
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This  substance  is  therefore  the  binitroxide  of  amylene  C^qH^q. 
2N0^  and  is  identical  with  the  crystalline  body  obtained  by  the 
action  of  nitric  acid  upon  amylene  (see  II).  It  is  curious  as  being 
the  only  known  nitroxine-isotype  of  Dutch  liquid,  but  more 
remarkable,  in  this  latter  manner  of  its  formation,  as  furnishing 
the  only  instance  in  organic  chemistry  of  the  behaviour  of  free 
nitroxine  as  a  halogen  without  the  elimination  of  hydrogen. 
Bintroxide  of  amylene  is  but  slightly  soluble  in  cold,  but  readily 
in  boiling  alcohol ;  it  dissolves  in  ether  and  in  bisulphide  of  carbon 

*See  II. 
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but  is  perfectly  insoluble  in  water.     It  crystallises  in  small  square 
and  rectangular,  colourless,  transparent  plates. 

Heated  by  itself  in  a  dry  tube,  i)initroxidc  of  amylene  decom- 
poses exactly  at  95°  C,  giving  rise  to  a  gas  and  to  a  licpiid  heavier 
than  water.  The  decomposition  of  a  portion  having  been  effected 
in  a  very  strong  sealed  tube  by  heating  to  100°  C,  the  tube  on 
opening  gave  off  much  gas,  which  reddened  moist  litmus  paper. 
Another  portion  was  treated  in  the  same  way  in  presence  of 
water.  After  opening  the  tube,  neutralizing  the  acid  water  with 
ammonia,  filtering,  and  evaporating  to  dryness  on  a  water  bath,  a 
residue  was  obtained,  which  gave  off  nitrogen  on  being  heated. 
Accordingly,  the  gas  evolved  from  the  binitroxide  of  amylene  was 
nitrous  acid,  NO3,  or  nitroxhydric  acid  HNO^. 

The  next  point  was  to  determine  the  nature  of  the  liquid 
product,  the  supplementary  factor  to  binitroxide  of  amylene,  which 
appears  in  the  preparation  of  that  body. 

The  filtrate  and  alcoholic  washin"^s  from  binitroxide  of  amvlene, 
after  evaporation  for  some  hours  on  a  water  bath,  washing  with 
water  and  drying,  yielded  an  amber-coloured  transparent  liquid, 
heavier  than  water  and  immiscible  with  it. 

Neither  this  liquid  nor  the  binitroxide  of  amylene  underwent 
any  change  on  being  kept  for  several  days  in  an  atmosphere  of 
nitroxine. 

On  analysing  the  liquid  : 

0-2586  grm.  gave  0-3882  grm.  of  carbonic  acid  and  0-1717 
w  ater. 

The  substance  whose  composition  corresponds  most  closely  with 
these  numbers,  is  a  mixture  of  equivalent  quantities  of  bini- 
troxide of  amylene  with  nitrate  of  amyl, 

Found. 

C     .     .         40.67  40-94 

H    .     .  7.12  7-37 

Although  the  presence  of  amyl  would  point  to  the  disintegration 
of  another  molecule  of  amylene,  the  above  given  composition  of 
this  mixture  is  rendered  probable  on  the  following  grounds  : — On 
heating  to  95°  C.,*  it  undergoes  decomposition,  whereupon  the 
temperature    rises    spontaneously  to    170°   C,    and    the    greater 

*  Identical  with  that  at  which  CioHjc.SXOj  is  decomposed 

_     c\ 
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quantity  of  the  liquid  passes  over.     On  rectifying,  a  portion  was 
obtained  which  boiled  ahnost  constantly  at  160°  C.     Of  this, 

0'2263  grm.   gave  0'3850   grm.  carbonic  acid  and  0*1712  grm. 

Found. 
CioHnONO^ 

C     .     .         45-11  46-40 

H    .     .  8.27  8.40 

On  boiling  a  portion  of  this  distillate  with  an  alcoholic  solution 
of  caustic  potash,  nitrate  of  potash  was  formed.  The  original 
liquid  also  gave  rise  to  nitrate  of  potash  under  the  same 
circumstances. 

Xitrate  of  amyl  also  appears  among  the  liquid  products  formed 
when  binitroxide  of  amylene  is  heated  by  itself. 

Heated  with  quick  lime,  binitroxide  of  amylene  gives  rise  to  an 
aromatic  body,  differing  from  valeral  and  probable  amylenic  ether 

^iollio^2' 

The  actions  of  sulphide  of  ammonium,  nascent  hydrogen,  and 

other  reducers,  upon  binitroxide   of  amylene,  will  be  well  worthy 

of  study. 

As  yet,  my  attempts  to  combine  nitroxine  with  ethylene  have 
not  been  successful. 

Xeither  protoxide  nor  binoxide  of  nitrogen  has  any  action  upon 
amylene.  The  affinity  of  amylene  for  nitroxine  is  so  great  that 
by  means  of  this  hydrocarbon,  a  very  small  trace  of  nitroxine 
may  be  detected  in  the  above  named  nitrogen-oxides.  Thus  if 
amylene  be  added  through  a  funnel  tube  to  a  flask  containing  copper 
and  nitric  acid  which  is  kept  quite  cold  and  from  which  the 
evolved  gas  has  expelled  the  ah',  crystals  of  binitroxide  of  amylene 
are  continuously  though  slowly  formed;  but  if  the  binoxide  of 
nitrogen  be  first  absorbed  by  protosulphate  of  iron  and  then 
expelled  thence  by  heat*  and  made  to  pass  through  amylene  in  an 
apparatus  from  which  a  current  of  carbonic  acid  has  expelled  the 
air,  no  change  occurs. 

Nitroxinapthalin.     (Nitronapthalin.) 

The  laborious  reseaches  of  Laurentf  and  others  have  long  since 
established  the  claim  of  napthalin  to  be  an  olefine.  It  combines 
directly  with  chlorine  to  form  bichloride  of  napthalin  C2oHgCl2, 
and  although  it  may  unite  with  four  atoms  of  halogen  as  in  the 

*  Buns  en's  Gasom^S'-     Engl.  Ed.  p.  51. 
t  Ann.  Ch.  Phys.,  ^8^o,  Hx. 
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quadrichloride  CooHgCl^,  in  the  tercliioro  bromide  C2QnQCl3Br,  and 
in  their  numerous  idiotypes, 

^2o^6^^2^U   quadrichloride  of  bichlornapthalin. 
C2oHgBr2Cl^  quadrichloride  of  bibronapthalin, 

etc.  etc. 

yet^  as  we  have  already  seen  in  examining  the  Ijchaviour  of 
ethylene  and  amylene  towards  chloride  of  sulpliur,  and  as  we  shall 
abundantly  see  in  the  sequel,  this  assumption  of  four  haloid  atoms 
is  quite  consistent  with  the  nature  of  the  olcfines  isotypic  witli 
ethylene.  Like  ethylene^  napthalin  combines  with  anhydrous 
as  well  as  with  hydrated  sulphuric  acid,  and  finally  in  napthalamiuc 
C2QHgHN  we  find  it  still  preserving  the  biatomic  character  of  au 
olefine,  taking  the  place  of  two  atoms  of  hydrogen. 

Laurent^  s  examination  of  the  action  of  nitric  acid  on  napthaline 
resulted  principally  in  the  discovery  of  three  nitroxine-replacemcnt 
derivatives^  idiotypic  not  with  the  bichloride  of  napthalin,  but 
with  napthalin  itself. 

Nitroxinapthalin  .         .         .     C2oH7(NO^) 
Binitroxinapthalin  .         .     C2oHg(N04)2 

Triaitroxinapthalin         .         .     C2oH5(NO^)3 

Bearing  in  mind;  on  the  one  hand,  the  analogy  which  these 
bodies  have  to  the  clilorine-idiotypes  of  ethylene^  and  on  the  other, 
the  above  described  direct  union  of  amvlene  with  nitroxine,  we 
might  a  priori  expect  to  obtain  nitroxide  of  napthalin  or 
binitroxide  of  napthalin  by  the  action  of  nitroxine  on  napthalin. 
So  that,  although  Laurent  gives  this  reaction  as  a  method  of 
preparing  nitroxinapthalin,  yet,  as  no  analysis  appears  to  have 
been  made  of  the  body  so  produced,  I  thought  it  worth  while  to 
comfirm  Laurent^ s  experiment. 

If  napthalin  be  thrown  into  a  flask  containing  an  excess  of 
nitroxine,  considerable  heat  is  developed,  scanty  wliite  fumes  are 
formed,  which  quickly  subside,  and  an  oily  liquid  results  which 
solidifies  on  cooling.  To  ensure  complete  reaction,  the  flask  is  corked 
with  an  excess  of  nitroxine,  and  the  product  is  repeatedly  shaken 
and  melted.  After  re-fusion  under  water,  drying,  and  recrystallisa- 
tion  from  ether,  a  product  was  obtained  which  gave  on  analysis 
0-4202  grm.  gave  1-0707  grm.  CO2  and  0-1590  grm.  water. 

C2oH.(]NOJ  Found. 

C     .     .     69-36  69-49 

H     .     .       4-05  4-20 
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The  substance  formed  is  therefore  undoubtedly  nitroxinapthalin. 
We  accordingly  find  that  nitroxine,  in  its  behaviour  towards 
napthalin,  more  closely  resembles  bromine  than  chlorine;  for 
■while  the  former  gives  bromonapthalin,  the  latter  gives  bichloride 
of  napthalin, 

C20HS  +  2Br    =  a-,(,U-Br  +  HBr 
C20H8  +  2N0^=  C20H7NO4  +  HNO4, 

Bisidphochloride  of  Ethylene. 

Although,  as  before  shown,*  ethylene  and  bisulphide  of  chlorine 
are  without  appreciable  action  on  one  another  under  ordinary 
circumstances  of  temperature,  etc.,  and  although  a  temperature 
of  139°  C.^  effects  a  disintegration  of  the  ethylene- moleculef. 

I  have  again  sought  to  unite  the  two  directly,  because  the  result- 
ing body,  if  it  resemble  its  amylene-isotype,  would  give  rise  to  a 
highly  important  series  of  derivatives.^  If  bichloride  of  sulphur 
be  exposed  in  a  stoppered  bottle  in  an  atmosphere  of  dry  ethylene 
to  direct  sunlight,  the  two  unite  slowly  but  almost  completely, 
hydrochloric  acid  however  being  liberated. 

If  a  few  grammes  of  bisulphide  of  chlorine  be  placed  in  a  well- 
stoppered  bottle  which  is  then  filled  by  displacement  with  ethylene, 
the  waxed  stopper  inserted  and  covered  with  sheet-caoutchouc, 
and  the  whole  be  completely  immersed  for  twenty  hours  in  boiling 
water,  very  complete  absorption  is  found  to  have  taken  place  on 
opening  the  bottle,  while  only  a  trace  of  hydrochloric  acid 
is  formed.  The  bottle  may  be  then  refilled  with  ethylene  and  the 
same  operation  repeated  three  or  four  times.  The  resulting 
product  is  then  shaken  up  wdth  warm  water,  dried,  digested  with 
ether,  filtered,  evaporated  in  vacuo  till  the  ether  is  expelled, 
dissolved  again  in  a  minimum  of  ether  filtered,  and  evaporated 
in  vacuo. 

grm.  grm.  grm. 

I,  0-3058  gave  0-2908  carbonic-acid  and  0-1184  water. 
II.  0-2197     „     0-2356  water. 
III.  0-1798     „     0-2638  chloride  of  silver. 
lY.  0-2829     „     0-6934  sulphate  of  baiyta. 

*  Niemann.  Ann.  Ch.  Pharm.  cxiii.  3;  F.Guthrie,  ibid. 
tChem.  Soc.  Qu.  J.  March,  1860. 
X  iJee  Memoir  iv. 


HOWARD  ON  THE  HISTORY  OF  CINNAMIC  ACID.  135 

Found. 
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This  substance  is,  according  to  the  previously  adopted 
nomenclature,  the  bisulphochloride  of  ethylene,  C4H4.S2CI. 

Bisulphochloride  of  ethylene  has  a  not  unpleasant  but 
indescribable  smell ;  its  taste  is  intensely  sweet  and  pungent. 
Like  the  bichlorosulphide  of  ethylene,  its  annoying  eflPect  upon 
the  eyelids  is  very  enduring  ;'^  Its  colour  is  a  pale  yellow ;  specific 
gravity  1*346  at  19  C.°  Like  the  previously  described  chlor-sulphur 
compounds  of  the  olefines,  it  is  decomposed  by  heat  and  gives  off 
an  insupportable  smell. 

In  the  next  communication,  I  shall  describe  the  action,  of 
anhydrous  and  hydrated  oxides  upon  this  substance,  and  the 
behaviour  of  it  and  its  isotype,  bisulphochloride  of  amylene,  upon 
some  of  the  metal-radicles. 


XVI. — Contribution  towards  the  history  of  Cinnamic  Acid. 

By  David  Howard. 

Notwithstanding  the  experiments  of  Gerhardt  and  Cahours, 
and  the  subsequent  researches  of  Blyth  and  Hofmann,  the  history 
of  cinnamol  and  its  derivatives  is  far  from  being  complete.  To 
fill  up  some  of  the  gaps  still  existing,  I  engaged  in  some  experi- 
ments upon  this  interesting  group  of  substances.  In  the  prosecu- 
tion of  my  enquiry,  I  had  an  opportunity  of  observing  some  facts, 
which  I  beg  to  lay  before  the  Chemical  Society. 

Liquid  storax   treated   in   the   usual   way  afforded   the   crude 

*  A  drop  placed  heneath  the  tongue  destroys  the  epidermis  and  causes  a  soreness 
which  lasts  many  days. 
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cinnamic  acid  for  the  cxi>orimeiits.  For  tlie  ])urposc  of  purily- 
ins:  it,  I  adopted  tlic  plan  rcoommrndrd  by  some  chemists,  of 
suhmittins:  the  criuU'  pnxhiet  to  cnroful  distillation.  To  niv 
surprise,  a  hw^c  portion  of  the  distillate  came  over  in  the  form  of 
a  jH^rmanent  liquid.  The  smaller  portion,  which  soHdified  on 
cooliniT-,  was  purified  by  crystallisation  and  converted  into  a  silver 
salt.     The  silver  determination  gave  the  following  result: 

•2090  grm.  of  the  silver-salt  left  on  ignition 
•09850  grm.  —  47^13  per  cent  of  metallic  silver. 

The  percentage  of  silver  in  bcnzoatc  of  silver  being  47"1G,  it 
was  obvious  that  the  solid  distillate  consisted  of  benzoic  instead 
of  cinnamic  acid.  To  find  whether  this  benzoic  acid  was  present 
in  the  original  crude  acid,  or  whether  it  had  been  formed  by  the 
destruction  of  cinnamic  acid,  a  portion  of  the  crude  acid  was 
recrvstallized  and  converted  into  a  silver-salt. 

•5735  grm.  of  this  salt  left  on  ignition 

•2500  grm.  of  metallic  silver  =    1359  per  cent. 

42*37  being  the  percentage  of  silver  in  cinnamate  of  silver,  it 
could  not  be  doubted  that  the  crude  acid  employed  contained  an 
appreciable  admixture  of  benzoic  acid.  It  was  therefore  further 
purified  by  solution  in  alcohol  and  crystallisation  by  spontaneous 
evaporation  of  the  solvent,  when  large  regular  crystals  were 
obtained,  which,  on  analysis  of  a  new  silver-salt,  proved  to  be  pure 
cinnamic  acid. 

•5170  grm.  left   2190  =  4236  per  cent,  of  silver 
•5085  grm.  left  2150  =  42*28  per  cent,  of  silver. 

These  numbers  coincide  with  the  theoretical  percentage  of 
cinnamate  of  silver. 

A  careful  distillation  of  this  pure  acid,  afforded,  together  with  a 
large  y)ortion  of  an  oily  product,  a  small  quantity  of  an  acid  which 
solidified  in  the  neck  of  the  retort.  This  acid  wa.s  converted  into 
a  silver-salt  and  in  this  form  submitted  to  analysis : — 

•2255  grm.  left  on  ignition   0955  =  4235  per  cent,  of  silver, 
•2165  grm.  left  on  ignition  *0915  =  42*27  per  cent,  of  silver. 

The  distilled  acid  was  therefore  undecomposed  cinnamic  acid. 
In  other  experiments  in  which  the  acid  was  submitted  to  a  still 
slower  distillation,  the  whole  of  it  was  entirely  decomposed  and 
converted  into  liquid  products  of  decomposition. 
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Tlius  it  would  appear  that  cinnaiiiic  acid,  contrary  to  tlic  state- 
ments of  most  Manuals,  is  decomposed  when  kept  at  a  boiling 
heat,  and  that  it  can  only  be  distilled  even  partially  unchanged, 
when  very  rapidly  heated,  care  being  taken  to  carry  over  the 
vapour  aij  quickly  as  possible  by  keeping  the  upper  part  of  the 
retort  at  a  very  high  temperature. 

lu  order  to  find  whether  cimiamic  acid  would  decompose  when 
maintained  for  a  long  period  at  a  somewhat  lower  temperature,  a 
portion  of  the  acid  was  scaled  up  in  a  glass  tube,  and  heated  for 
several  hours  to  200°  C.  in  a  parallin  Ijath  ;  no  change  however 
took  place. 

Another  portion  was  similarly  heated  in  presence  of  water.  It 
remained  likewise  unchanged^  the  silver-salt  yielding  the  following 
percentage : — 

•4805  grm.  gave  -2010  =  42*15  per  cent,  of  silver.  . 

The  fluid  which  is  formed  by  the  action  of  heat  upon  cinnamic 
acid,  proved  on  investigation  to  be  almost  pure  cinnamol ;  the 
boiling  point  remained  constant  at  145°  C,  till  the  greater  part 
of  the  liquid  had  passed  over,  when  the  temperature  rose  rapidly, 
leaving  in  the  retort  a  resinoid  mass  of  metacinnamol.  By  treat- 
ing the  liquid  with  bromine  the  characteristic  crystalline  dibromide 
of  cinnamol  was  obtained ;  and  by  exposing  a  portion  sealed  up  in 
a  tube  to  200°,  it  was  entirely  converted  into  a  glassy  mass 
of  metacinnamol,  which  when  submitted  to  a  still  higher 
temperature,  was  reconverted  into  cinnamol. 

These  properties  identify  the  oily  product  of  decomposition  of 
cinnamic  acid  with  cinnamol,  or  what  is  the  same  thing,  with 
styrol,  although  it  appears  that  the  tendency  to  pass  into  the  solid 
condition  is  perhaps  less  marked  in  this  liquid  than  in  styrol,  a 
fact  noticed  by  other  observers  in  cinnamol  formed  by  the  usual 
process.  When  very  carefully  heated,  cinnamol  obtained  by  the 
destructive  distillation  of  cinnamlic  acid  mav  be  almost  entirely 
distilled  without  the  production  of  the  solid  modification. 

The  preceding  experiments  prove  that  at  a  temperature  very 
near  its  boiling  point,  cinnamic  acid  is  decomposed  into  cinnamol 
and  carbonic  acid,  according  to  the  equation, 

a  decomposition  similar  to  the  transformation  into  benzol  and 
carbonic  acid,  which  benzoic  acid  undergoes  when  its  vapour  is 
passed  through  a  red  hot  tube. 
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Thccinnamol  thus  obtained  from  cinuainicacid  amounts  to  fi'om 
a  fourtli  to  a  third  of  the  acid  employed,  so  tliat  tliis  reaction 
furnishes  a  metliod  of  prcpnrinp:  einnamol  much  more  easily 
and  much  more  copiously  than  it  could  })C  hitherto  obtaiiu^d. 
Cmnamol  obtained  in  this  manner  is  ])erfectly  free  from  benzol. 
It  is  well  known  that  the  li(juid  obtained  by  the  usual  process 
nz.,  distillation  of  cinnaniic  acid  with  lime  and  even  baryta,  consists 
of  a  mixture  of  hydrocarbons,  in  which  so  larj^e  a  proportion  of 
benzol  is  present,  that  some  chemical  ^[anuals  state  the  boiling 
point  of  einnamol  at  89*  C.,  proving  that  the  proportion  of  einnamol 
in  these  mixtures  is  excessively  small.  The  dry  distillation  of 
pure  cinnamate  of  Hnie  likewise  furnishes  einnamol  quite  free 
from  benzol,  thus  affording  a  remarkable  contrast  to  the  behaviour 
of  a  mixture  of  cinnamie  acid  and  excess  of  lime. 

The  crude  einnamol  obtained  from  cither  cinnamie  acid  or 
cinnamate  of  lime,  contains  a  small  quantity  of  a  cj'ystalliue 
substance  which  may  be  separated  from  the  more  volatile 
einnamol  by  distillation  with  water ;  the  formation  of  metacinnamol 
is  thus  in  a  great  measure  prevented,  and  the  substance  in  question 
may  be  extracted  from  what  is  left  in  the  retort  by  alcohol,  from 
which  it  crystallises.  AVhen  purified  by  several  crj-stallisations 
from  boiling  alcohol,  which  dissolves  it  freely,  while  cold  alcohol 
retains  a  comparatively  small  portion,  the  crystalline  substance 
presents  itself  in  the  form  of  brilliant  pearly  scales  which  on 
analysis  j::ave  the  followinj'  results  : — 

I.  -1503  grm.  gave  -534 1  carbonic  acid  and  0092  water. 
II.    ^oOO  grm.  gave  '8005  car))onic  acid  and  '1515  water. 

These  numWs  represent  a  hydrocarbon  C^^IIg  or  a  multiple  of  it. 


Theory 

Experiment 

I.                 n. 

C,^     . 

.      8i      . 

.     03-33 

0310         93-76 

"e     • 

.         6      . 

.       r,-67 

7-05           C-86 

00  10000 

The  crystalline  substance  when  gently  heated  witli  bromine, 
gives  rise  to  the  formation  of  a  bromine-compound  which  is 
only  slightly  soluble  even  in  boiling  alcohol.  The  hot  solution 
deposits  on  cooling,  minute  scales  exhibiting  a  slightly  reddish 
tint.     On  analysis  the  following  results  were  obtained ; — 
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I.  '2780  f^rm.  j;avc  -50(50  carbonic  acid  0985  water, 
II.   '1915  j^iin.  gave  '2120  bromide  of  silver, 
III.   •20:i()  grill,  gave   2255  broiiiitle  of  silver. 

The    formula  Cj^IlgBr   nc^uircs  the   following   values   which   1 
place  iu  juxtaposition  witli  the  experimental  numbers: — 


I 


Til 

cory 

1 
49-64 
3.G8 

Kxpt-riment 

Cj4        . 

Br      . 

.     84 
.       6 
.     80 

49-41 

3.53 

470G 

II .                  III. 

4710     47-50 

170 

100-00 

The  formation  and  composition  of  the  bromine-compounds 
could  leave  but  little  doubt  that  the  crystalline  hydrocarbon  must 
be  represented  by  the  formula  C.^gllj^. 

A  hydrocarbon  of  precisely  the  same  composition,  and  exhibiting 
also  tiie  general  characters  of  the  substance  derived  from  cinnamic 
acid,  was  described  some  years  ago  by  Laurent.  He  obtained 
the  body  which  he  calls  '' still)cne,"  together  with  another 
crystalline  body,  "  thionessal/^  in  the  destructive  distillation  of 
hydride  of  sulphobenzoil  thus, 

Hydride  of  Sulphobenzoil  Stilhenc  Thioncsaal 

SCj.HgS^  =  2C2S,  H-  GIIS   f  2C,8H,2  +  ^521^18^2- 

In  order  to  establish  the  identity  of  the  two  substances,  I  have 
prepared  a  quantity  of  stilbene,  according  to  Laurent's  process 
In  repeating  the  experiments  of  Laurent,  I  observed  all  the 
phenomena  described  by  that  chemist. 

On  comparing  the  stilbene  procured  in  this  manner  with  the 
crystalline  substance  obtained  from  cinnamic  acid,  it  was  impos- 
sible to  doubt  their  absolute  identity.  I  have  nothing  to  add  to 
Laurent's  description,  except  that  stilbene  prepared  by  the  dry 
distillation  of  either  hydride  of  sulphubcnzuVl,  or  of  cinnamic  acid, 
fuses  at  125°  C. 

The  transformation  of  cinnamic   acid  into  stilbene  is  obviously 

» 

the  result  of  a  destructive  process,  which  does  not  admit  of 
simple  representation  in  formulae. 

The  experiments  which  I  have  described  were  performed  in 
Dr.  Hofmann's  laboratory. 


no 


XVir. — Action  of  Sodium  upon  Iodide  of  Mct/iyl  mixed  with  Ether. 
Bv  J.  A.  Wanklyx,  F.R.S.E.,  and  F.  Buckeisen,  Ph.D. 

Pure  metlivl  \\i\^  not  vet  been  obtuiiiod.  Kolbc's  method,  viz., 
electrolysis  of  an  acetate?,  yields  methyl  always  contaminated  l)y 
some  foreign  body,  probably  oxide  of  methyl,  which  cannot  be 
completely  removed. 

Frankland's  method,  viz.,  decomposition  of  iodide  of  methyl  by 
zinc,  also  gives  a  mixture,  which,  in  tliis  case,  consists  of  hydride 
of  methyl  and  free  methyl.  This  hydride  of  methyl,  Frankland 
regards  as  a  secondary  product,  formed  after  tlic  gas  has  left  the 
production  tube,  and  due  to  decomposition  of  moisture  by  some 
zinc-methyl,  with  which  the  gas,  as  it  issues  forth,  is  invariably 
accompanied. 

Bearing  this  circumstance  in  mind,  we  determined  to  try  the 
action  of  sodium  upon  iodide  of  methyl.  Since  sodium-methyl 
cannot  be  prepared  by  such  a  process,  we  expected  to  obtain  pure 
methvl.  Our  expectation  was  not  realized,  as  will  appear  in  the 
course  of  the  paper. 

The  iodide  of  mpthyl  used  in  our  experiments,  boiled  constantly 

at  43"  C. 

AVe  enclosed  in  a  glass  tube  some  sodium  along  with  a  few 
grammes  of  iodide  of  methyl  and  ether.  In  order  to  insure  the 
absence  of  moisture,  we  next  made  a  short  preliminary  digestion  in 
the  water-bath.  Then  we  let  out  the  first  portion  of  gas,  which 
was  no  doubt  contaminated  with  products  due  to  traces  of  water 
adhering  to  the  materials  employed  in  the  experiment.  After- 
wards we  rewjaled  the  tube,  heated  again  to  100^  C,  and  collected 
the  gas  over  boiling  water.  After  having  stood  in  contact  with 
water  during  a  night,  the  gas  was  analysed  according  to  the  method 
employed  by  Bun  sen. 

^Ve  give  the  particulars  of  the  analyses  : — 

The  gas  was  divided  into  two  portions,  one  of  which  was  placed 
in  the  combustion  eudiometer,  and  the  other  in  tlie  absorption 
tube. 
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I. — ///  the  Kudiomi'ter. 


Volume 

Tempe- 
ra turt' 

rrcssurc 

meter 
015086 

Volume  re- 

dured  to  0"C. 

and  1  meter 

prcKhiirc 

Volume  of  gas  taken  . . 

7200 

26-9°C. 

9-8876 

Volume  after  addition  of  oxygen 

lSO-96 

27-1° 

0-25844 

42-547 

Volume  after  addition  of  air  . . 

340-90 

26-2"' 

0-41561 

129-28 

Voluiuo  after  explosion 

308-54 

26  7° 
25-5^ 

0  38336 

107-74 

Volume  after  absorption  of  CO^ 

275-42 

0-378 

95-221 

Volume  after  addition  of  Hydrogen  . . 

375-0 

26-7° 

0-4717 

10113 

Volume  after  explosion 

iJ5'J-98 

27-3° 

03575 

82-23 

II. — ///  tJie  absorption  tube. 


Volume 

Tempe- 
rature 

Pressure 

Volume  re- 
duced to  0°C. 
and  1  meter 
pressure 

Volume  of  gas  taken  . . 

93-70 

26-9° 

meter 
0-65305 

55-706 

Volume  after   the  action  of  potash  1 
and  pyrogallic  acid  . .          . .           j 

90-63 

26-6° 

0-6781 

55-591 

Volume  after  the  absorption  of  olefines 

82-8 

23-5° 

0-6675 

60-551 

Some  g:as  after  the  removal  of  CO^,  oxygen  and  olefines,  was 
transferred  from  the  absor])tiou  tube  to  the  eudiometer.  Its 
analysis  gave  the  numbers  following  : — 
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III. — In  the  Eudiometer. 


Volume 

Tempe- 
rature 

Pressure 

Volume  re- 
duced to  0°C. 
and  1  meter 
pressure 

Volume  taken    . . 

84-32 

26-7°C. 

meter 
0-16676 

12-809 

Volume  after  the  addition  of  oxygen  . . 

399-36 

364-95 

26-7° 
27-3° 

0-48686 

177-12 

Volume  after  explosion 

0-45242 

160-11 

Volume  after  the  absorption  of  car-  "1 
bonic  acid       . .          . .          . .           j 

330-25 

25-1" 

0-4463 

134-99 

Another  analysis  of  the  same  gas  yielded  : — 

IV. — In  the  Eudiometer. 


I 


Corrected  at  0°  C.  and  one  meter  pressure 

• 

Volume  taken 

10-365 

Volume  after  the  addition  of  oxygen 

. .      160-75 

Volume  after  explosion 

..      138-40 

Volume  after  absorption  of  COj     . . 

..      125-60 

A  third  analysis  of  the  same  gas  gave : — 

^^ — In  the  Eudiometer. 


Corrected  at  O'C.  and  one  meter  pressure 

Volume  taken          18-037 

Volume  after  the  addition  of  oxvgen        . .          . .          . .          . .          . .      85-611 

Volume  after  the  addition  of  air 198-04 

Volume  after  explosion  and  absorption  of  COj    ..          ..          ..          ..      137-05 

Vol';me  after  addition  of  hydrogen           258-67 

Volume  after  explosion 11473 

I 
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Analysis  II.  shows  tliat  the  gas  was  free  from  {arhonlc  acid  and 
oxygen.  It  also  sliows  that  55*70G  volumes  of  the  gas  coutaiued 
5"155  vol.  of  olefines. 

In  percentajije  Cj^II^         .         .       9*3 
Gas  freed  from  C„II„       .         .     907 


1000 


Analysis  I.  shows  that  9'887G  vols,  of  gas  contain  03G8  vol.  of 
nitrogen.     In  percentage  nitrogen  =  3* 7. 

Analysis  V.  of  the  gas  free  from  (^JI^  shows  that  18037  vols, 
contain  0*21  vol.  of  nitrogen,  or  90* 7  vols,  contain  1*05  vols,  of 
nitrogen.  But  100  vols,  of  the  original  gas  contain  90'7  vols,  of 
gas  free  from  C^^H^.  Therefore,  100  vols,  of  the  original  gas 
contain  1*05  vols,  of  nitrogen. 

The  determination  of  nitrogen  at  the  end  of  a  hydro-carhon  gas 
analysis  is  subject  to  a  little  irregularity,  inasmuch  as  the  small 
quantities  of  air  introduced  in  the  course  of  the  analysis,  tell  in  the 
aggregate  upon  the  final  nitrogen  determination. 

Adopting  the  mean  of  our  two  results,  we  have  2'4'  for  the  per- 
centage of  nitrogen. 

From  Analysis  I.  we  obtain  : — 

Original  gas     . 
Nitrogen 
Combustible  gas 
Oxygen  consumed     . 
Carbonic  acid  formed 

Analyses  III.,  lY.,  and  V.,  all  of  the  residual  gas  after  removal 

ni. 
Combustible  gas     .     12'507 
Oxygen  burnt         .     29G23 
Carbonic  acid  formed  15*  120 

To  arrive  at  the  condensation  of  the  olefines  we  make  use  of  the 
following  data  : — 

100  vols,  of  the  original  gas  are  composed  of, 

9-3  vols,  of  C^H^. 
2'4  vols,  of  nitrogen. 
88 '3  vols,  of  residual  hvdro-carbon. 


In  percentage 

.       9-8876 

100-0 

.       0-237 

2-4 

.       9-G.'30G 

97-6 

.     24-4084 

246-9 

.     12-519 

126-6 

TV. 

V. 

Mean. 

10091 

17-5G0 

88-3 

25-059 

43-430 

215-7 

12-80 

109-1 
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And  on  ronihnstion  furiiisli, 

:J  1()9  vols,  oxvucon  consnmcd. 
12GG  vols.  carl)onir  acid. 

883  vols,  of  tlie  residual  liydro-carbon  jj;as  furnisli 

215*7  vols,  oxyf^on  consnnicd. 
lOU'l  vols,  carbonic  acid, 

Hcucc  the  93  vols,  of  C,JI„  furnish 

31*2  vols,  oxygen  consumed. 
17*5  vols,  carbonic  aeid. 

The  CqH^,  therefore,  has  tiic  condensation  of  ethylene,  wliich 
requires, 

Vol.  taken  .  .TO 
Oxygen  burnt  .  3*0 
Carbonic  acid         .     20 

With  so  low  a  percentage  of  C^H^j  as  is  present  in  the  gas 
under  examination,  great  accuracy  in  the  determination  of  its  con- 
densation is  not  to  be  expected;  the  very  indirect  manner  of 
arriving  at  the  result  having  the  effect  of  concentrating  the  errors 
of  the  wliolc  analysis  upon  the  small  percentage  of  olefine. 

The  88*3  vols,  of  hydro-carbon  must  consist,  for  the  most  part, 
of  marsh  gas.  Some  other  more  complex  hydro-carbon  is  also 
present ;  but  what  other,  cannot  be  revealed  by  a  mere  com])ustion 
analysis.  If  the  hydro-carbon  be  very  complex,  then  the  percent- 
age of  marsh  gas  must  be  liigli ;  if  less  complex,  then  the  percent- 
age of  marsh  gas  falls. 

Assuming  that  the  accompanying  hydro-carbon  is  methyl,  in 
which  case  the  proportion  of  marsh  gas  reaches  its  lowest,  we  have 
for  the  composition  of  the  gas 

Kitrogcn  .  .  2*4 
Hydride  of  methyl  .  65*0 
Methyl  .         .         .     23-3 


10(3-0 


As  is  well  known,  a  combustion  cannot  distinguish  marsh  gas 
from  a  mixture  in  equivalent  quantities  of  methyl  and  hydrogen. 
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Tluit  our  iiiarsh   <^:is  was  siu-li   a  mixture,  was   lii<^hly  iiuproljabli'. 
Direct  proof  wc  have  nevertheless  souj^ht  in  anotlier  expermunt. 

AVe  made  a  fresh  (juautity  of  gas,  eolleeted  it  over  stron;^ 
aleoliol  (previously  boiled)  am)  shook  it  up  therewith.  Since 
niethvl  is  ver\'  inueli  more  soluble  in  aleohol  than  is  hvdro^ren,  the 
^as  diseharjj^ed  from  this  aleohol  by  l)()ilin;r,  should  have  been  very 
rich  in  metlnl.  After  washiuii:  with  water,  however,  it  viehled  on 
combustion  mnnbers  agreeing  with  the  composition  of  hydride  of 
methvl,  viz. : — 

Contraction,  Carlioiiic  Acid. 

lO-ai  :  5-27 

Hydride  of  methyl  requires  contraction  to  carbonic  acid  in  the 
ratio  of  2  : 1. 

This  gas  also  contained  liardly  any  olefinc,  viz.,  only  27  per 
cent. 

We  have  tlius  established  the  following  conclusions  : — 

At  100°  C  sodiuui  decomposes  iodide  of  methyl  in  i)resencc  of 
dry  ether,  vieldin«^  a  larw  nuantitv  of  hydride  of  methvl. 

The  equation  expressing  the  production  of  the  hydride  is  neither 
of  the  following  : — 

Na^  +  2(C2n,I)  =  2NaI  +  C2II2  4-  CJI^ 
Na,  +  -^(0,113!)  =  4Xal   +  r,ll,  +  2(C.,U,) 

because,    the  amount   of  C„1I,.   is  too    small    for   the  hydride  of 

'  u         11  • 

metliyl. 

AVhat  tlie  product,  com})lementary  to  the  liydride  of  methyl, 
really  consists  of,  we  have  not  yet  been  able  to  determine. 

In  conclusion  we  liave  to  add  that  wc  have  repeated  the  experi- 
ment and  obtained  similar  results  to  those  which  wc  have  described 
in  the  paj)cr.  A\'ith  potassium  likewise  the  same  peculiarity  has 
been  observed  as  with  sodium. 

The  further  investigation  of  the  subject  Mill  be  made  by  one 
of  us. 
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XVITI. — On  tlie    Conipos'ition  of  the  Aqueous  Acids  of  constant 

Bo  I  In  I  g  Point. 

By  Henry  Enfield  Koscoe. 

It  is  still  a  very  generally  received  opinion,  that  a  liquid  which 
boils  unchanged  at  a  fixed  temperature  must  be  regarded  as 
a  chemically  homogeneous  body.  This  supposition  is  not,  how- 
ever, borne  out  either  by  theoretical  considerations  or  by  practical 
experience. 

The  proportions  in  which  the  constituents  of  a  mixed  liquid 
pass,  on  boiling,  into  the  state  of  vapour  depend  upon  the  propor- 
tions in  which  the  constituents  are  contained  in  the  liquid,  and 
upon  the  separate  tensions  of  the  vapours  of  these  constituents  at 
the  temperature  of  ebullition.  Although  the  laws  which  regulate 
the  vaporization  of  mixed  liquids  are  as  yet  far  from  being  under- 
stood, it  is  easy  to  see  that  the  relations  between  the  several 
tensions  and  the  proportions  by  weight  of  the  two  or  more  con- 
stituents may  be  such  that,  at  a  given  temperature  of  ebullition, 
the  composition  of  the  vaj)our  is  identical  with  that  of  the  liquid. 
As  soon  as  this  point  is  reached,  the  mixed  liquid  boils  at  a 
constant  temperature  without  undergoing  any  change  of  com- 
position, and  in  this  respect  does  not  diflfer  from  a  uniform  chemical 
combination.  Such  mixed  liquids  possess,  however,  other  proper- 
ties, by  means  of  which  they  can  be  easily  distinguished  from 
definite  chemica  Icombinations.  The  characteristics  by  which  a 
chemical  compound  is  recognized,  are  generally  considered  to  be 
(1),  tliat  the  components  of  such  a  combination  are  united  in 
quantities  represented  by  some  simple  atomic  relation;  and  (2), 
that  this  relation  remains  unaltered  under  a  certain  change  of 
physical  conditions. 

From  the  experiments  of  Dalton,  Mitscherlich,  Millon, 
Bineau,  and  others,  it  has  been  hitherto  supposed  that  most  of  the 
aqueous  acids,  and  especially  hydrochloric,  hydrobromic,  hydriodic, 
hydro-fluoric,  nitric,  and  sulphuric  acids,  of  very  various  degrees  of 
strength,  not  only  attain  a  fixed  eom])05.ition  when  boiled  under 
the  ordinary  atmospheric  pressure,  but  that  the  liquids  thus  pre- 
pared are  definite  chemical  compounds  of  acid  and  water.  In  the 
present  communication,  my  aim  will  be  to  show  that  this  latter 
supposition  is  incorrect ;  that  although  liquids  possessing  constant 
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composition  are  obtained  by  boiling  tlie  above-mentioned  acids 
under  the  ordinary  atmospheric  pressure,  these  bodies  cannot  be 
regarded  as  definite  hy(b*atcs^  bnt  tliat  the  i)lien()menon  of  constant 
composition  and  fixed  boibng-point  is  to  be  ascribed  to  the 
estabUshment  of  that  particuhir  rehidon  between  the  weights  and 
tensions  of  the  constituents,  by  virtue  of  whicli  acid  and  water  are 
contained  in  the  vapour  in  the  same  proportions  in  wliicli  they  arc 
present  in  the  licpiid.  I  shall  show,  in  the  first  place,  that  the 
composition  of  the  acids  obtained  by  ebullition  under  the  ordinary 
atmospheric  pressure,  does  not,  in  the  case  of  any  of  the  acids 
examined,  with  one  exception,  agree  with  that  of  a  simi)le 
hydrate ;  and,  secondly,  that  in  every  case  when  these  constant 
acids  are  brought  under  other  physical  conditions,  such  as  when 
boiled  under  different  pressures,  or  when  a  current  of  dry  air  is 
passed  througli  them  at  different  temperatures,  they  are  decom- 
posed and  attain  a  different  but  constant  composition,  so  that  a 
mixture  of  acid  and  water  may  be  made  which,  on  vaporization 
at  a  given  temperature,  does  not  undergo  any  alteration  in 
composition. 

I.  Nitric  Acid, 

Dal  ton  was  the  first  clearly  to  point  out  that  mixtures  of  nitric 
acid  and  water,  when  boiled,  undergo  such  a  change  that  the  weak 
mixtures  lose  water,  and  the  strong  mixtures  lose  acid,  until  the 
residual  liquid  attains  a  specific  gravity  of  1*42,  and  Ijoils,  under 
the  ordinary  atmospheric  pressure,  steadily  at  120°  C.  This 
observation  has  since  been  confirmed  by  the  experiments  of 
Mitscherlieh,  Bineau,  Millon,  and  Smith.  The  residual 
acid  obtained  by  boiling  either  a  weaker  or  a  stronger  acid  was 
found  by  these  chemists  to  possess  an  almost  constant  composition, 
the  analyses  giving  an  amount  of  niti'ic  acid  (IIXO^)  varying 
from  GG  to  70  per  cent,  on  the  liquid.  From  his  own  experiments 
Mitscherlieh  concluded,  that  this  acid  of  constant  l)oiling  i)oint 
contains  4  atoms  of  water  to  1  atom  of  Il^SO^^,  whilst  Bineau 
and  others  sui)poscd  that  this  acid  consists  of  3  atoms  of  water 
and  1  of  nitric  acid  (HKOg),  corresponding  to  the  well-kno\vn 
series  of  raagnesian  nitrates  of  the  formula  RNOg-fSllO. 

Owing  to  the  discrepancy  in  these  statements,  it  appeared  of 
interest  to  determine,  as  accurately  as  possible,  in  the  first  place, 
whether  the    acid    obtained    by    distillation   under   the   ordinary 
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atmospheric  pressure  lias  a  constant  composition;  and,  secondly, 
whether  the  relation  l)etwcen  acid  and  uater  is  one  capable  of 
expression  in  simple  numbers.  For  this  purpose,  a  quantity  of 
strong  acid  was  prepared  by  the  usual  processes,^  and  freed 
completely  from  lower  oxides  of  nitrogen  by  passing  a  current  of 
dry  carbonic  acid  throuirh  the  warm  liquid.  The  acid  thus 
prepared  was  perfectly  colourless,  and  free  from  every  trace  of 
chlorine  and  sulpliuric  acid.  The  Tuethod  of  determination 
adopted,  consisted  either  in  volumetric  analysis  with  a  standard 
solution  of  caustic  soda  of  exactly  known  strength,  or  in 
neutralizing  the  acid  with  a  weighed  quantity  of  pure  fused 
carbonate  of  sodium,  boiling  the  solution,  and  adding  a 
small  quantity  of  test  acid  or  alkali  to  reach  the  exact  point  of 
neutrality,  which  was  supposed  to  be  attained  when  the  litmus 
became  blue.  The  quantity  of  acid  employed  for  each  deter- 
mination was  such,  that  the  maximum  analytical  error,  the 
amount  of  wliich  was  determined  by  control  experiments,  never 
attained  0*2  per  cent,  on  the  liquid.  In  order  to  check  the  two 
methods  employed,  an  acid,  which  with  test  alkali  was  found  to 
contain  GS'OO  per  cent,  of  HNOg,  and  with  pure  carbonate  of 
sodium  gave  6802  per  cent,  of  HNO^^,  was  neutralized  with 
freshly  precipitated  carbonate  of  barium,  the  barium  in  solution 
being  estimated  as  sulphate;  T3368  grms.  of  the  nitric  acid 
yielded  1*G815  grms.  of  sulphate  of  barium,  corresponding  to 
G7U5  per  cent,  of  HNOg. 

The  composition  which  aqueous  nitric  acid  of  various  degrees 
of  strength  attains  when  boiled  under  the  ordinary  atmospheric 
pressure,  was  determined  by  diluting  portions  of  the  pure  con- 
centrated acid  to  a  given  extent  with  water,  and,  after  analysis, 
distilling  tliein  in  a  small  retort,  tlic  strength  of  the  residual 
liquid  being  tlien  accurately  estimated.  The  experimental  results 
are  contained  in  the  following  Table,  in  which  Column  I  gives  the 
volume  of  acid  employed  ;  Column  II,  the  percentage  quantity  of 
real  acid  (HXOg)  contained  in  the  liquid  before  distillation; 
Column  III,  the  volume  of  liquid  remaining  in  the  retort ;  and 
Column  IV,  the  percentage  quantity  of  real  acid  (HNOg)  con- 
tained in  the  residual  liquid  after  distillation. 

*  Mi  lion's  statement  respecting  the  difficulty  of  separating  from  the  distillate  the 
sulphuric  acid  used  for  concentrating  the  nitric  acid  was  not  confirmed.  Strong 
nitric  acid  was  easily  obtained  free  from  everj'  trace  of  either  sulphuric  or  hydro- 
chloric acid. 
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Table  1 


No. 

1. 

II. 

III. 

■ 

IV. 

(1) 

25  <;bc. 

99'8 

5  cbc. 

95-8 

(2) 

25     „ 

95-2 

5     „ 

84-8 

(3) 

25     „ 

847 

5 

>} 

71-8 

(4) 

120     „ 

77-8 

20 

>f 

69-1 

(5) 

180     „ 

74-7 

8 

>} 

681 

(6) 

120     „ 

70-5 

20 

> 

68-6 

(7) 

90     „ 

70-5 

15     , 

> 

68-6 

(8) 

120     „ 

65-1 

30     , 

> 

68-0 

(9) 

120     „ 

65-1 

20     , 

> 

1 

I 

68-3 

From  tliesc  experiments  it  is  seen,  that  nitric  acids  of  widely 
difterent  degrees  of  concentration  attain  on  boiling  a  composition 
varying  from  68  to  69  per  cent,  of  real  acid.  The  slight  difl'er- 
ences  in  the  composition  of  the  residue  here  observed,  arise  from 
the  impossibility  of  performing  the  experiments  under  the 
same  physical  conditions,  as  overheating  the  vapour,  unequal 
exposure  to  air,  &c.,  cannot  be  avoided.  This  is  proved  by 
comparing  the  results  of  a  second  series  of  experiments,  detailed 
in  Table  2.  The  distillation  was,  in  these  instances,  effected  in 
a  small  l)ulb-tu])c  retort,  blown  before  tlie  lamp,  in  which  tlie 
ebullition  in  presence  of  platinum  proceeded  more  regularly  and 
quietly  than  in  the  larger  retort  before  employed;  the  liquid  was 
also  reduced  by  boiling  to  the  same  volume  in  every  experiment, 
and  thus  the  causes  of  variation  as  much  as  possible  avoided. 
The  designation  of  each  column  remains  the  same  as  in  Table  1. 

Table  2. 


No. 

I. 

11. 

III. 

IV. 

(1) 

20  cbc. 

70-2 

5  cbc. 

68  1 

(2) 

20     „ 

68-3 

5     „ 

68-0 

(3) 

20    „ 

68-3 

5     „ 

67-9 

(4) 

20     „ 

66-9 

5     „ 

68-0 

♦ 

(5) 

20     „ 

66-2 

5     „ 

68-0 

(6) 

20     „ 

66-2 

5     „ 

68  0 

Mean  68-00 
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TTonco  wc  mav  conclude  : — 

(1.)  That  the  resiihial  liquid  ohtaiuod  by  boiling  aqueous  nitric 
acid  of  various  degrees  of  concentration  under  the  ordinary 
atmospheric  pressure  possesses  a  constant  composition. 

(2.)  That  the  liquid  thus  obtained  contains  68*0  per  cent,  of 
real  acid,  and  that,  therefore,  the  proportion  between  acid  and 
water  cannot  be  represented  by  any  simple  atomic  relation,  the 
formula  IIXOp  +  3110  requiring  70*0  per  cent,  of  HNOg.* 

The  boiling-point  of  the  acid,  containing  68*0  per  cent.,  was 
found  to  be  120°*5  C,  under  a  barometric  pressure  of  O^'TSS ;  its 
specific  gravity  at  15°"5  C.  was  shown  to  be  I'll  i  as  a  mean  of 
two  determinations. 

Distdled  at  other  temperatures,  the  relation  of  real  acid  to  water 
will,  if  the  phenomenon  of  constant  boiling-point  depends  alto- 
gether on  physical  causes,  be  found  to  be  a  different  one.  In  tlie 
following  experiments,  aqueous  nitric  acid  of  various  degrees  of 
strength,  was  distilled  under  diminished  atmosj)heric  pressure, 
effected  by  placing  the  acid  in  a  retort,  the  neck  of  which,  drawn 
out  and  bent  at  an  acute  angle,  passed  through  a  solid  caoutchouc 
stopper  into  a  large  bolt-head  of  20  litres  capacity,  furnished  with 
a  divided  manometer-tube,  and  communicating  with  the  cylinder 
of  a  large  air-pump.  By  this  means  the  acid  could  be  distilled 
under  any  wished-for  pressure  less  than  that  of  the  atmosphere ; 
by  cooling  the  bolt-head,  and  by  having  a  large  absorbent  surface 
of  caustic  soda  in  the  interior  of  the  flask,  it  was  easy  to  keep  the 
mercury  in  the  manometer  tube  to  within  5  millimetres  of  the 
required  height  during  the  whole  course  of  the  distillation. 
Talile  3  contains  the  results  of  a  series  of  such  experiments ; 
Column  I,  gives  the  pressure  in  millimetres  of  mercury,  under 
which  the  distillation  took  place  (i.  e.,  the  barometric  pressure, — 
the  height  of  the  mercurial  column  in  the  manometer-tube)  ; 
Column  II,  the  volumes  of  liquid  employed  ;  Column  III,  the 
percentage  of  real  acid  contained  in  this  liipiid ;  Column  IV,  the 
volume  remaining  after  distillation  ;  Column  V,  the  percentage  of 
real  acid  contained  in  the  residual  liquid. 

*  Calculated   percentage   composition  of    the   hypothetical  hydrates    of    nitric 
acid: — 

(1st)  (2nd)  rSrd)  (4th) 

II.XO5         .  .87  5  77  8  70-0  63  6 

HO         .  .        12-5  22-2  .30  0  30-4 

100  0  100-0  100-0  100-0 
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Table  3. 


No. 

1. 

II. 

III. 

IV. 

V. 

(1) 

75  mm. 

150  cbc. 

69-9 

50  c-l)c. 

66-7 

(2) 

50  „ 

20  „ 

68-3 

5  „ 

67-2 

(3) 

75  „ 

150  „ 

66-9 

50  „ 

(jQ-7 

(4) 

68  „ 

20  „ 

66-5 

5  ,, 

OG-8 

(5) 

75  „ 

20  „ 

66-2 

5  „ 

66-5 

(6) 

75  „ 

120  „ 

65  1 

30  „ 

66-7 

(7) 

150  „ 

150  „ 

66-9 

50  „ 

67-6 

Fi.?.  1. 


Altliouj^h  showing  a  maximum  difference  of  1  per  cent.,  owing 
to  the  acid  being  meclKinically  carried  over  h\  tlie  irre;^ular 
percussive  ebulUtionj  which  it  is  impossible  to  prevent  when  nitric 
acid  is  heated  under  a  diminished  pressure,  the  results  obtained 
are  still  sufficiently  accurate  to  prove,  that  under  a  pressure  of 
about  70  millimetres  of  mer- 
cury, when  the  boiling-point 
lies  between  G5°  and  70°, 
a  liquid  possessing  a  constant 
mean  composition  of  66*7 
per  cent,  of  HNOg  is 
obtained,  whilst  under  a 
pressure  of  150  millimetres, 
the  equilibrium  occurs  when 
the  percentage  of  acid 
reaches  67"6. 

The  distillation  of  nitric 
acid  under  pressures  greater 
than  that  of  the  atmo- 
sphere, is  accompanied  by 
considerable  experimental 
difficulties,  owing  to  the 
impossibility  of  bringing 
the  acid  into  contact  with 
mercury.  These  difficulties 
were  overcome  by  employ- 
ing  the   following   ai'rangement : — The    bulb-retort   [a)    Fig.    1, 
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containiiiiT  the  acid,  was  coniiected  bv  means  of  a  solid  caoutchouc 
stopper  with  a  stroiii?  bottle  {b),  of  one  Htre  capacity,  containing 
5:ome  dilute  nitric  acid  ;  through  the  stopper  passes  a  second  tube, 
communicating  with  another  similar  bottle  (c)  containing  mercury 
(m)  and  a  strong  solution  of  caustic  soda  (s)  ;  a  divided  manometer 
tube  (d)  di})pcd  into  the  mercury,  and  a  third  tube  (e)  passing 
through  the  stopper  of  the  bottle  (c)  could  be  placed  to  any 
required  depth  into  a  reservoir  of  mercury.  The  bottle  {b)  being 
immersed  in  cold  water,  the  increase  of  pressure  was  attained  by 
pushing  the  glass  bucket  {(/),  filled  with  pieces  of  marble,  into  the 
dilute  acid,  by  means  of  the  stiff  iron  wire  (/),  working  perfectly 
air-tight  through  the  caoutchouc  stopper.  As  soon  as  the  mercury 
in  the  manometer  tube  had  attained  the  wished-for  height,  and 
the  gas  issued  from  the  extremity  of  the  tube  (e)  under  the 
mercury,  a  portion  of  the  acid  in  the  retort  was  distilled  over,  and 
the  residue  afterwards  analvzed.  Bv  withdrawinor  the  marble  from 
the  acid  and  again  immersing  it  when  required,  the  pressure  was 
kept  tolerably  constant  during  the  whole  course  of  the  experiment. 
The  numbers  in  the  following  Table  show,  that  distilled  under  a 
mean  pressure  of  1,220  millimetres  of  mercury,  beyond  which  it 
was  found  inconvenient  to  operate,  the  composition  of  the  residual 
liquid  reachetl  68*6  per  cent,  of  real  acid,  being  a  deviation  from 
the  acid  distilled  under  ordinary  pressures  of  0*6  per  cent. 

Table  4. 


No. 

I. 

11. 

III. 

IV. 

y. 

(1) 

1260  mn. 

20  cbc. 

70-5 

5 

68-8 

(ii) 

1210  „ 

20  „ 

68-3 

5 

68-7 

13) 

1190  „ 

20  „ 

68  0 

5 

68-4 

Mean  1220, 


Mean  686 


The  numbers  in  the  columns  have  the  same  signification  as 
those  in  Table  3,  except  in  the  first,  in  which  the  sum  of  the 
heights  of  the  barometric  column  and  the  column  of  mercurv  in 
the  manometer  tube  is  given. 

As  it  has  thus  been  shown  that  aqueous  nitric  acid  is  a  liquid 
which  does  not  give  rise  on  distillation  to  bodies  possessing  a 
simple  atomic  constitution,  but  that  for  each  temperatui*e  a  liquid 
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Fig.  2. 

r\ 


having  a  constant  composition  is  obtained,  it  appeared  of  interest 
to  determine  for  lower  temperatures  the  composition  of  the  acid 
unalterable  by  vaporization. 

For  this  purpose,  air,  completely  dried  over  sulphuric  acid  and 
phosphoric  anhydride,  was  passed  through  the  nitric 
acid  contained  in  the  burette-shaped  vessel.  Fig.  2, 
until  no  further  change  in  composition  was  observed. 
The  requisite  temperature  was  obtained  by  immers- 
ing the  burette  in  a  large  water-bath,  the  heat  of 
which  was  kept  constant,  a  weighed  U-tube,  con- 
taining phosphoric  anhydride,  being  placed  between 
the  burette  and  the  drying  apparatus,  to  ensure 
all  absence  of  moisture.  Experiments  thus  conducted 
for  every  temperature,  show  that  a  point  is  reached  at  which  the 
composition  of  the  aqueous  acid  undergoes  no  further  change  by 
vaporization.  In  Table  5,  Column  I  gives  the  percentage  of  real 
acid  in  the  liquid  before  the  experiment;  Column  II,  the  per- 
centage after  the  experiment ;  Column  III,  the  fraction  of  the 
original  volume  of  acid  remaining  after  the  experiment;  Column  IV, 
the  duration  of  the  experiment  in  hours. 


I 


Table  5. 
Passage  of  dry  air  throiujh  acid  at  100°  C. 

No. 

I. 

II. 

III. 

IV. 

(1) 
(3) 
(3) 

68-0 
64-9 
64-9 

6G-2 
66-1 
66-3 

1 

2 

1 

4 

2  hrs. 

3  ,, 

Passage  of  dry  air  through  acid  at  60°  C. 


(1) 

68-0 

66-9 

(2) 

66-9 

65-7 

(3) 

65.7 

65-2 

(4) 

65-2 

64'9 

(5) 

64-9 

64-8 

(6) 

64-9 

64-8 

(7) 

64-8 

64-5 

(8) 

64-5 

64-4 

(9) 

640 

64-5 

(10) 

64-5 

64-5 

4 
1. 
2 
J. 
3 
1 
2 
1 

T 


6 

hrs. 

9 

30 

9 

20 

8 

9 

9 

8 

6 
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Passage  of  dry  air  through  acid  at  mean  temp,  of  13°  C. 


No. 

T. 

II. 

III. 

IV. 

(1) 

68-0 

6(3-2 

48  hrs. 

(2) 

66-2 

65-2 

24    „ 

(3) 

65-2 

64-0 

>  1 

24    „ 

(^) 

64-0 

64-0 

48     „ 

(5) 

64-0 

64-0 

/ 

34     „ 

(G) 

63-0 

63-3 

48    „ 

(7-) 

63-9 

63-9 

73     „ 

(8) 

G3-9 

64-0 

48     „ 

It  is  thus  seen — (1.)  That  weak  or  strong  aqueous  nitric  acid 
throufjh  which  dry  air  is  passed  at  100°,  attains  a  constant  com- 
position of  66*2  per  cent,  of  real  acid.  (2.)  That  when  air  is  passed 
through  the  same  acid  at  60°,  the  composition  becomes  constant  at 
64*5  per  cent.;  and  (3.)  That  at  the  ordinary  atmospheric  tempera- 
tures— in  mean  13° — the  equilibrium  is  reached  when  the  liquid 
contains  64*0  per  cent,  of  real  acid. 

The  ease  with  which  strong  nitric  acid  is  decomposed,  even  at 
temperatm-es  below  its  boiling  point,  is  well  known.  It  seems  to 
be  impossible  to  prepare  the  real  acid  HNOg  by  employing  the 
usual  method  of  distillation,  rectification  over  sulphuric  acid,  and 
volatilization  of  the  oxides  of  nitrogen  by  means  of  a  current  of 
dry  air  or  carbonic  acid.  None  of  the  chemists  who  have  worked 
upon  this  subject  appear  to  have  had  the  real  acid,  and  I  have 
also  failed  to  obtain  it,  although  every  care  to  ensure  absence  of 
moisture  was  taken ;  one  colourless  acid  contained  99*8  per  cent, 
of  real  acid,  another  99*47  per  cent.  The  former,  nearly  anhy- 
drous acid,  not  only  suffered  decomposition  on  boiling,  as  is  seen 
by  reference  to  Table  1,  but  underwent  alteration  when  a  current 
of  air  perfectly  dried  over  a  large  quantity  of  phosphoric  anhy- 
dride was  passed  through  the  liquid  at  15°.  In  seven  hours,  after 
which  time  three-fourths  of  the  acid  had  been  volatilized,  the  per- 
centage of  real  acid  had  sunk  to  98*77.  This  shows  that  nitric  acid 
(HNOg)  undergoes  decomposition,  not  only  when  vaporized  at  the 
boiling  point,  but  also  at  the  ordinary  atmospheric  temperatures. 

II. — Sulphuric  Acidm 

We  owe  to  Marignac  the  interesting  and  important  observa- 
tion, that  real  sulphuric  acid  (HSO^)  cannot  be  obtained  by  the 
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distillation  either  of  a  weaker  aqueous  acid  or  of  a  stronger 
fuming  acid.  The  real  acid  can  only  be  prepared  by  crystallisa- 
tion, and,  on  boiling,  is  decomposed  into  anhydride,  which 
is  seen  in  the  receiver,  and  a  weaker  acid  remaining  in  the 
retort.  Marignac  showed  that  this  weaker  residual  acid  boils  at 
338°  C,  without  undergoing  change;  and  he  further  proved  that 
aqueous  sulphuric  acid  of  every  degree  of  concentration,  whether 
containing  more  or  less  water  than  the  real  acul  (HSO^),  attains 
this  constant  composition  on  boiling.  From  four  separate  deter- 
minations, Marignac  found  that  this  residual  liquid  contained 
98*70  per  cent,  of  real  acid. 

The  following  determinations  have  confirmed  in  every  par- 
ticular Marignac^ s  conclusions.  The  analyses  were  made  by 
weighing  out  the  requisite  quantities  of  pure  fused  carbonate  of 
sodium,  the  exact  point  of  neutrality  being  estimated  by  addition 
of  small  volumes  of  standard  alkali  and  acid  of  well-cstaljlished 
strengths. 

(1.)  Pm'c  strong  sulphuric  acid,  containing  93'4  per  cent,  of 
real  acid,  was  distilled  in  a  retort,  until  two-thirds  of  the  liquid 
had  been  volatilized.  The  liquid  remaining  in  the  retort  con- 
tained 98*7  per  cent,  of  real  acid. 

(2.)  An  acid  containing  98*37  per  cent,  of  HSO^  was  distilled 
in  a  small  retort,  until  one-fifth  of  the  original  volume  remained. 
The  residue  contained  98*32  per  cent,  of  HSO^. 

(3.)  An  acid  containing  98*37  per  cent,  of  HSO^  was  boiled 
down  in  a  porcelain  capsule  to  one-third  of  its  original  volume. 
The  residual  liquid  contained  98*45  per  cent,  of  real  acid. 

(4.)  An  acid  containing  100*33  per  cent,  of  HSO^,  and  fuming 
in  contact  with  the  air  at  ordinary  temperatures,  was  boiled  down 
to  one-eighth  of  its  orignal  volume.  The  residual  liquid  con- 
tained 98*8  per  cent,  of  real  acid. 

(5.)  Another  portion  of  the  same  fuming  acid,  which  a  second 
analysis  showed  to  contain  100*34  per  cent.  HSO^,  was  boiled  to 
one-fourth  of  its  original  volume.  The  residual  liquid  contained 
98*40  per  cent,  of  real  acid. 

It  thus  appears  not  only  that  aqueous  sulphuric,  like  aqueous 
nitric  acid,  attains  an  unalterable  composition  not  corresponding 
to  any  definite  hydrate,  on  distillation  under  the  ordinary  atmo- 
spheric pressure  ;  but  we  also  notice,  what  is  very  remarkable,  that 
both  the  real  acids,  HNOg  and  HSO^,  bodies  which  possess  in 
other  respects  the  characteristics   of  well-defined  chemical  com- 
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pounds^  are  decomposed  ou   boiling,   yielding  that  aqueous  acid 
which  remains  unchanged  at  the  temperature  of  ebullition. 


III. — Hydrochloric  Acid. 

Bineau  found  that  aqueous  hydrochloric  acid  boiled  under  the 
ordinary  atmospheric  pressure,  attained  a  composition  of  20*2  p.c. 
of  HCl,  corresponding  exactly  to  the  formula  HC1+16H0, 
and  this  liquid  he  conceived  to  be  a  definite  hydrate.  In  a 
research  upon  the  absorption  of  hydrochloric  acid  and  ammonia  in 
Avater,  published  in  vol.  xii,  page  128,  of  the  Journal  of  the 
Chemical  Society,  which  I  made  in  conjunction  with  Mr.  Dittmar_, 
this  result  of  Bin  can's  was,  to  a  certain  extent,  confirmed,  inas- 
much as  the  acid  of  constant  composition  obtained  by  ebullition 
under  the  ordinary  atmospheric  pressure  was  found  to  contain 
20*24  per  cent,  of  HCl;  but  it  was  at  the  same  time  shown, 
that  distilled  under  other  pressures,  or  vaporized  at  other 
temperatures,  this  acid  was  decomposed,  other  liquids  of  constant 
composition  being  then  produced,  and  the  conclusion  was  there- 
fore drawn  that  this  hydrate  has  no  real  existence.  The  following 
Table  6,  extracted  from  the  above-mentioned  memoir,  gives  the 
relation  between  the  pressure  under  which  the  acid  is  distilled, 
and  the  composition  of  the  constant  liquid.  The  Column  P  shows 
the  pressure  in  metres  of  mercury,  under  which  aqueous  hydro- 
chloric acid  must  be  distilled  to  attain  the  constant  composition 
given  in  the  next  column. 

Table  6. 


Pm. 

Percentage 
of  HCl. 

Pm. 

Percentage 
of  HCl. 

Pm. 

Percentage 
of  HCl. 

Pm. 

2-0 

Percentage 
ofHCh 

0-05 

23-2 

0-6 

20-7 

1-3 

19-3 

18-5 

0-1 

22-9 

0-7 

20-4 

1-4 

19-1 

2-1 

18-4 

0-2 

22-3 

076 

20-24 

1-5 

19-0 

23 

18-3 

0-3 

21-8 

0-8 

20-2 

1  6 

■18-9 

2-4 

18-1 

0-4 

21-4 

0-9 

19-9 

1-7 

18-8 

25 

18  0 

0-5 

21-1 

1-0 

19-7 

1-8 

18-7 

1-1 

19-5 

1-9 

18-6 

1-2 

19-4 

ACIDS    OF    CONSTANT    BOILING   POINT. 


157 


Hence  it  is  evident : — (1.)  That  there  exists  for  each  pressure 
a  corresponding  aqueous  hydrochloric  acid,  which  undergoes  no 
change  in  composition  when  distilled  under  this  pressure,  and 
therefore  lias  a  constant  boiling  point,  (^i.)  That  the  com- 
position of  these  aqueous  acids  is  different  for  each  pressure,  a 
gradual  change  in  pressure  being  accompanied  by  a  gradual 
alteration  in  the  percentage  of  hydrochloric  acid. 

AVhen  aqueous  hydrochloric  acid  is  vaporized  by  passing  a 
current  of  dry  air  through  the  liquid  at  a  given  temperature,  a 
similar  point  is  reached  beyond  which  no  decomposition  occurs. 
Table  7  contains  the  interpolated  values  obtained  from  the  expe- 
rimental results  given  in  the  original  paper.  The  first  column 
gives  the  temperatures;  the  second  column  gives  the  percentage 
of  HCl  contained  in  the  acid,  unalterable  at  the  corresponding 
temperature. 

Table  7. 


mo 

Percentage 
of  HCl. 

mo 

Percentage 
of  HCl. 

T°. 

Percentage 
of  HCl. 

T°. 

Percentage 
of  HCl. 

0° 

25-0 

30° 

24-1 

60° 

23-0 

90° 

21-4 

5° 

24-9 

35° 

23-9 

65° 

22-8 

95° 

21-1 

10° 

24-7 

40° 

23-8 

70° 

22-6 

100° 

20-7 

15° 

24-6 

45° 

23-6 

75° 

22-3 

20° 

24-4 

50° 

23  4 

80° 

22-0 

25° 

24-3 

55° 

23-2 

85° 

21-7 

IV.  Hydrohromic  Acid. 

Lowig  first  observed  that  water  saturated  at  the  ordinary 
atmospheric  temperature  with  hydrobromic  acid  gas  loses  acid 
when  boiled,  and  that  water  containing  but  little  gas  in  solution 
loses  water  under  similar  circumstances.  Bineau  showed  that 
the  composition  of  the  acid  obtained  by  boiling  was  constant, 
and,  his  experiments  proving  that  such  acid  contained  from  46*1 
to  47'4  per  cent,  of  HBr,  he  concluded  that  on  distillation  the 
hydrate  containing  10  atoms  of  water  is  formed.  According  to 
theory,  this  hydrate  should  contain  47*38  per  cent,  of  HBr,  when 
the  equivalent  of  bromine  is  taken  as  80.  On  exposing  aqueous 
acid  of  the  above  strength  in  a  closed  vessel  over  dried  potash, 
or  on  passing  a  current  of  dry  air  through  the  acid,  Bineau  found 
that  the  residual  liquid  contained  from  48'7  to  51*7  per  cent,  of 
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liydrobromic  acid  ;  this  he  assumes  to  be  a  hydrate  containing 
9  atoms  of  water,  composed  theoretically  of  equal  weights  of  water 
and  real  acid  (HBr.) 

For  the  purpose  of  determining  the  exact  relation  of  the 
composition  of  aqueous  liydrobromic  acid  to  the  temperature  of 
ebullition,  the  acid  w  as  prepared  by  shaking  together  pure  bromine, 
water,  and  phosphorus,  added  in  small  pieces  from  time  to  time, 
until  the  liquid  became  colourless,  the  strong  fuming  solution 
being  freed  by  distillation  from  phosphorus  and  phosphoric  acid. 
The  pure  and  colourless  acid  thus  prepared  was  diluted  to  a  given 
extent  with  water;  and  as  soon  as  the  percentage  of  real  acid 
(HBr),  which  the  diluted  liquid  contained  had  been  estimated  by 
accurate  volumetric  analysis  with  silver,  it  was  boiled  in  a  bulb- 
tube  retort,  under  the  ordinary  atmospheric  pressure,  until  a 
certain  portion  of  the  acid  had  distilled  over,  when  the  composition 
of  the  residue  was  determined  by  exact  analysis  with  silver. 

In  Table  8  are  seen  the  results  of  eight  such  distillations 
with  aqueous  liydrobromic  acids  of  various  degrees  of  concen- 
tration :  Column  I  gives  the  barometric  pressure  under  which 
the  acid  boiled ;  Column  II,  the  volume  in  cubic  centimetres  of 
acid  employed  :  Column  III,  the  percentage  of  HBr  contained 
in  the  original  liquid ;  Column  IV,  the  volume  in  cubic  centimetres 
of  acid  remaining  in  the  retort  after  the  distillation ;  and  Column 
V,  the  percentage  of  HBr  contained  in  the  residual  liquid,  being 
the  mean  of  two  analyses,  which  generally  differed  only  in  the 
second  decimal  place. 


•    Table  8. 


No. 

I. 

II. 

III. 

lY. 

y. 

m. 

(1) 

0-752 

25  cbc. 

45-54 

8  cbc. 

47-38 

(2) 

0-752 

50  „ 

45-58 

8  ,, 

47-39 

(3) 

0-753 

50  „ 

47-30 

25  „ 

47  78 

(4) 

0-762 

25  „ 

47-65 

12  ., 

47  86 

(5) 

0-753 

20  „ 

47-78 

5  „ 

47-61 

(6) 

0-762 

12  „ 

47-87 

6  „ 

47-73 

(7) 

0-752 

50  „ 

49  00 

8  „ 

47-71 

(8) 

0-762 

25  „ 

49-51 

10  „ 

47-84 
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If  the  distillations   are  conductecl  under  the  same  conditions, 
the  compositions  of  the  residual  acids  are  identical  (see  Nos.  4 
and  8) ;  if  the  physical  conditions  (barometric  pressure,  and  volume 
of  liquid  employed)  are  different,  the  acid  may  vary  in  composition 
about  O'l  or  0*2  per  cent.,  as  is  seen  in  one  or  two  of  the  numbers. 
From  the  foregoing  experiments  we  see  that  aqueous  hydrobromic 
acid  when  boiled  under  the  ordinary  atmospheric  pressure  of  0*76 
of  mercury,  attains  a  fixed  composition  of  47*8  per  cent,  of  real 
acid,  or  contains  0*5  per  cent,  more  acid  than  Bineau^s  hypo- 
thetical  hvdrate.     Under  these  circumstances  it  was  found  to  boil 
constantly   at   126°C.     That  the   point   of   constant  composition 
which  aqueous  hydrobromic  acid  attains  on  vaporization,  is  not 
solely  dependent  upon  chemical  attractions,  but  is  mainly  influ- 
enced by  physical  circumstances,  is  still  more  distinctly  seen  on 
examining  the  change  which  the  aqueous  acid  undergoes  when  a 
current  of  dry   air  is  passed  through  the  liquid   at  a  constant 
temperature.     Through  a  liquid   containing   47*65    per   cent,   of 
real  acid,  dry  air  was  passed  at   the   temperature  of  16°  for  50 
hours ;  after  the  lapse  of  this  time,  the  strength  of  the  acid  reached 
51 '8  per  cent.,  and  after  the  air  had  passed  for  30  hours  longer, 
the  liquid  contained  51*65  per  cent,  of  real  acid  as  a  mean  of  two 
analyses,  and  had,  therefore,  attained  the  point  of  constant  compo- 
sition.    Hence  it  is  clear  that  neither  of  the  supposed  hydrates 
of  hvdrobromic  acid  has  a  real  existence.     In  order  to  determine 
the  point  of  equilibrium  for  other  temperatures,  perfectly  dry  air 
was  passed  through  the   acid  at   100°  contained  in   the  burette 
Fig.  2,  and  the  alteration  which  the  liquid  underwent  was  deter- 
mined.    The  following  results  were  obtained  : — 


Dry  air  passed  through  aqueous  acid  at  100°  C. 


P.O.  real 
acid. 


(1)  1  vol.  acid  containing  48  0  p.  c.  when  reduced  to  |  vol,  contained  49*59 

(2)  ,,  „  48-05     „  „  I     „  „  49  07 

(3)  „  „  49-10     „  „  1     ,,  „  49  35 

(4)  „  „  50-10     „  „  1     „  „  49-35 


The  aqueous  acid  was  also  distilled  under  a  greatly  increased 
pressure  by  help  of  the  arrangement  represented  in  Fig.  3.  (a)  Fig. 
3  is  a  small  bulb  blown  before  the  lamp,  to  which  is  fused  the 
glass  tube  (6),  communicating _by  a  solid  caoutchouc  stopper  with 
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Fi»-  3.  tlie  divided  manometer  tube  (f),  containing  mercury. 
After  the  tube  (c)  had  been  filled  \vitli  mercury  to 
the  requisite  heiglit,  the  acid  was  placed  in  the  bulb, 
;u  and  then  the  drawn-out  end  closed  before  the  blow- 
pipe. The  distillation  was  now  commenced  and  con- 
tinued until  the  acid  had  diminished  to  a  given  volume, 
when  the  pressure  was  read  off  from  the  difference  of 
heiffht  of  tlie  columns  of  mercury  in  the  two  tubes. 
For  the  purpose  of  obtaining  the  boiling  point  of  the 
acid  under  these  circumstances,  a  thermometer  was 
inserted  into  tlie  bulb-tube,  and  the  apparatus  made 
air-tight  by  a  joint  of  caoutchouc  and  lead-foil  carefully 
wrapped  with  copper-wire.  Under  a  total  pressure  of 
I  1*952  metres  of  mercury,  the  acid  boiled  at  153°  C; 

analysis    of    the    residual    acid    gave    the    following 
results  : — 

(1)  Acid  containing  48*0  per  cent,  left  after  distil- 
lation a  residual  liquid  containing  46*30  per 
cent,  of  real  acid  (HBr). 

(2)  Acid  containing  46'07  per  cent,  left  after  distil- 
lation a  liquid  containing  46*36  per  cent,  of 
real  acid. 

V.  Hydriodic  Acid. 

Bineau  concluded  that  the  liquid  of  constant  boiling  point 
obtained  by  distilling  a  diluted  or  a  saturated  aqueous  solution  of 
hydriodic  acid  was  composed  of  11  atoms  of  water  to  one  of  real 
acid  (HI).  The  residual  acid  contained,  according  to  his  experi- 
ments, from  56-3  to  57*2  per  cent,  of  hydriodic  acid,  whilst, 
according  to  calculation,  the  11-atom  hydrate  requires  56*39  per 
cent,  of  real  acid.  Aqueous  hydriodic  acid  was  prepared  by  leading 
into  distilled  water  the  gas  evolved  by  heating  a  mixture  of  20 
parts  of  pure  iodin^,  14  parts  of  iodide  of  potassium  and  IJ  parts 
of  phosphorus  mixed  with  a  little  water.  The  acid  thus  obtained 
of  any  requisite  degree  of  concentration  was  perfectly  colourless 
when  presencd  out  of  contact  with  air,  and  although  the  acid  was 
always  distilled  in  a  cun^ent  of  hydrogen,  it  still  became  slightly 
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coloured,  but  was  not  decomposed  to  sucli  an  extent  as  to  affect 
the  results  of  the  analysis.  The  composition  of  the  acid  1)efore 
and  after  the  distillation  was  determined  by  volumetric  analysis 
with  silver ;  the  results  of  these  determinations,  as  is  seen  by 
reference  to  the  following  numbers,  are  closely  concordant ;  care, 
however,  must  always  be  taken  to  have  excess  of  silver  present  at 
the  commencement  of  the  analysis,  otherwise  some  iodine  is 
liberated  bv  the  free  nitric  acid. 


Table  9. 

Distillation    of    aqueous    hydriodic    acid    under   the   ordinary 

atmospheric  pressure. 
Volume  of  liquid  employed  in  each  experiment  25  cbc. 
J  J  J  J      remaining  after  each  distillation  13  cbc. 

Percentage  of  real  Percentage  of  real  acid 

acid  taken.  in  the  residue. 

(1)  56-50  . .  . .  . .  57-03 

(56-93 

(2)  56-70  -^50-94. 

(56-90 

(3)  57-24  57-03 

(57-16 

(4)  57-17  -^57-03 

(57-12 


,-       -    -.  (57- 

(5)     58  76  . .  . .  . .  -<  f.^. 


03 
10 


Hence  it  is  seen  that  the  acid  of  constant  composition  which 
is  obtained  when  aqueous  hydriodic  acid  is  boiled  under  the  ordi- 
nary atmospheric  pressure,  contains  57*00  per  cent,  of  real  acid, 
and  cannot,  therefore,  be  considered  to  be  a  detinite  hydrate  of 
hydriodic  acid.  The  boiling  point  of  this  acid  was  found  to  be 
127°  C.  under  a  barometric  pressure  of  0-774  metre.  In  order  to 
ascertain  the  point  of  equilibrium  for  other  temperatures,  aqueous 
hydriodic  acid  was  vaporized  in  a  current  of  dry  hydrogen  gas  at 
the  temperatures  of  16°  and  100°.  Table  10  gives  the  results 
of  such  experiments. 
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Table  10. 

Vaporization   of  aqueous  hydriodic    acid  in   a  current   of  dry 
hydrogen  at  ordinary  atmospheric  temperature. 


Temp. 
(1)     15° 


(2)     15 

(3) 


-o 


Im/O 
i 


(4)  17° 

(5)  19° 

(6)  19° 


Duration  of  the 
experiment. 

32  hours 
41 


Percentage  of  real      Percentage  of  real 
acid  taken.  acid  in  residue. 


15 

15 

10 

6 


3i 


ii 


a 


a 


M 


57-0 

59-44 

60-03 

60-27 

60-21 

60-68 


59-44 

\  60-36 
|60-33 

60-27 

(60-42 
(60-39 

60-68 


(60- 
|60- 


49 
42 


Vaporization   of  aqueous  hydriodic   acid   in  a  current  of  dry 
hydrogen  at  100°  until  half  the  liquid  was  volatilized. 


(1) 

(2) 
(3) 


Percentage  of  real 
acid  taken. 

56-98 
59-78 


Percentage  of  real' 
acid  in  residue. 

58-49 
58-26 


58-21 


(58-24 
(58-20 


VI.  Hydrofluoric  Acid. 

Aqueous  hydrofluoric  acid,  when  boiled  under  the  ordinary 
atmospheric  pressure,  attains,  according  to  Bineau,  a  consU;ant 
composition  corresponding  to  the  formula  HFl  +  4 HO,  and 
containing  35'9  per  cent,  of  anhydrous  acid. 

In  order  to  verify  this  assertion,  pure  aqueous  hydrofluoric 
acid  was  prepared  by  leading  the  gas  evolved  from  a  strong  acid 
heated  in  a  platinum  retort  into  water,  also  contained  in  a 
platinum  vessel ;  the  acid  thus  obtained  being  then  boiled  under 
the  atmospheric  pressure,  and  the  quantity  of  acid  contained  in 
the  residual  liquid  determined,  by  throwing  the  acid,  weighed  in 
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a  platinum  capsule,  into  a  vessel  containing  an  excess  of  standard 
soda  solution.  The  quantity  of  free  soda  was  estimated  by  adding 
a  slight  excess  of  test  acid,  and  the  point  of  neutrality  was 
considered  to  be  reached  when  the  litmus  again  became  coloured 
blue  on  adding  soda  solution  drop  l)y  drop  in  the  cold.  The 
results  of  a  series  of  experiments  thus  conducted  are  seen  in 
Table  11,  in  which  Column  I  gives  the  volume  of  acid  before 
boiling;  Column  II  the  percentage  of  HFl  contained  in  the  liquid 
before  boiling;  Column  III  the  volume  of  HFl  after  boiling;  and 
Column  IV  the  percentage  of  HFl  contained  in  the  liquid  after 


boiling. 


Table  11. 


I. 

II. 

III. 

IV. 

I. 

II. 

III. 

IV. 

80  cbc. 

1-2 

6  cbc. 

5-8 

12  cbc. 

36-9 

6 

r37-4 
137-2 

80    „ 

6-2 

40     „ 

11  8 

35    „ 

11-8 

6     „ 

29  0 

24     „ 

38-1 

12 

r36-l 
L36-0 

80     „ 

16-5 

6     „ 

r35-4 

l34-y 

12     „ 

38-1 

6 

r36-8 
136-7 

20     „ 

32  0 

2     „ 

35-2 

24     ,, 

38  9 

12 

r38-i 

[38-2 

60     ,, 

35-4 

30     „ 

J  36 -4 
\36-2 

[35-1 
I  36-2 

40     „ 

39  0 

20 

80     „ 

J  36-4 
136-8 

60     „ 

■37  0 

<  37-1 

.37-1 

80     „ 

41-6 

40 

[36  1 

r39-i 

t39  0 

24     „ 

26-5 

12     „ 

r37-6 

137-5 

From  these  experiments  it  is  evident  that  when  aqueous  hydro- 
fluoric acid  is  boiled  in  platinum  vessels  under  the  ordinary  atmo- 
spheric pressure,  it  attains  a  composition  varying  from*  36  to  38 
per  cent,  of  HFl.  The  great  difterences  observed  arising  from 
the  impossibility  of  keeping  the  physical  conditions  constant, 
under  which  the  ebullition  takes  place.  AVe  may  take  the  mean 
37*0  per  cent,  as  representmg  pretty  closely  the  composition  of 
the  acid  unalterable  by  boiling  in  the  air.  If  a  true  chemical 
compound  between  acid  and  water  were  thus  produced,  such  large 
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variations  in  the  composition  of  the  residual  acid  could  not  have 
been  found.  Vaporized  at  other  temperatures,  tliis  constant  hydro- 
fluoric acid,  containing  370  per  cent,  of  II Fl  undergoes  change. 
A  portiou  of  acid  of  the  above  strength,  ol)tained  by  el)ullition 
was  placed  in  a  platinum  crucible  over  quick  lime  inside  a  leaden 
exsiccator  closed  with  a  lid  having  a  sulphuric  acid  joint.  After 
standing  at  a  temperature  of  15°  C.  for  4  days,  the  acid  was 
found  to  contain,  in  two  analyses,  36'4  and  30*6  per  cent,  of  HFl ; 
after  remaining  4  days  longer  at  the  same  temperature,  the  liquid 
contained  33'5  per  cent,  of  acid  ;  and  when  the  acid  had  been 
standing  for  2  more  days  at  the  same  temperature  over  quick  lime, 
it  was  found  to  contain  3.2*5  and  32"7  per  cent,  of  acid.  A  weaker 
acid  Mas  next  vaporized  under  like  conditions  ;  an  acid  containing 
31  "6  per  cent,  of  HFl  placed  over  quick  lime  at  15°  attained,  after 
2  days,  a  composition  of  32' 1  per  cent.,  and  after  a  further  exposure 
in  the  exsiccator  for  4  days,  two  analyses  showed  that  it  contained 
32-4  and  323  per  cent,  of  HFl. 

I  beg  to  thank  my  assistant  Mr.  Sehorlemmer  for  the  able 
help  which  he  has  given  me  in  carrying  out  the  foregoing  experi- 
ments. 
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PllOCEEDlNGS 


AT    THE 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


Anniversary  Meeting,  Marcli  30^  18G0. 
Professor  Brodie,  President,  in  the  Chair. 

The  follo^Ying  Report  ^vas  read  by  the  President : — 

The  number  of  Fellows  of  the  Chemical  Society  has,  during 
the  last  year,  continued  to  increase ;  26  new  Fellows  have  been 
elected,  3  Fellows  have  resigned,  and  three  have  been  removed  by 
death. 

At  the  last  Anniversary  Meeting,  March,  1859, 

The  number  of  Fellows  was     .         .         .     30.2 
The  increase  has  been     .         .         .         .21 


The  number  of  present  Fellows  is    .         .     323 
The  number  of  Associates  at  the  last  meeting  was  9,   and 
3  have  been  since  elected. 

It  appeared  desirable  to  the  Council  to  connect  with  the 
Society  a  greater  number  of  the  distinguished  Chemists  of  foreign 
countries.  The  number  of  foreign  members  lias  hitherto  been 
limited  to  25.  Application  was  made  to  the  Society  for  power  to 
increase  this  number  to  40.  At  the  present  moment,  however,  it 
has  not  been  thought  expedient  to  add  more  than  6  names  to  the 
list,  making  in  all  30  Foreign  Members.  The  names  thus  added 
are  the  well-known  names  of  Berthelot,  Deville,  Fremy, 
Fritzsche,  Mulder,  and  Peligot. 

The  Council  have  ever  regarded  the  formation  of  a  Library  of 
Chemical  Works,  as  one  of  the  most  important  objects  to  which 
the  funds  of  the  Society  could  be  devoted,  and  they  are  especially 
desirous  to  render  it  at  all  times  accessible  and  serviceable  to  the 
Fellows.     They  believed  that  these  ends  would  be  promoted  by  the 
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appointment  of  a  permanent  Librarian ;  tliis  oflice  lias  been  under- 
taken by  ^[r.  AVatts,  a  gentleman  -who  is  familiar  with  the  litera- 
ture of  the  science.  Mr.  AVatts  is  at  present  engaged  in  preparing 
a  new  catalogue  of  the  books. 

The  following  papers  have  been  read  at  the  ]\Iectings  of  the 
Society,  since  the  Anniversary  ]\Ieeting  of  1859  : — 

"  On  the  action  of  Boracic  Acid  upon  the  salts  of  the  more 
volatile  acids  at  high  temperatures,"  by  Mr.  A.  Norman  Tate. 

"  On  Boric  and  Silicic  Acids,"  by  Dr.  Odling. 

"  On  the  action  of  Hydroebloric  Acid  upon  Sulphide  of  Mer- 
cury  in  the  presence  of  certain  other  snbstances,"  by  Mr.  F.  Field. 

"  On  the  absorption  of  Ammonia  and  Hydrochloric  Acid  by 
water,"  bv  Dr.  Roscoe. 

''  On  Bases  produced  by  Nitrous  Substitution,^^  by  Mr.  S.  C. 
Wood. 

"  On  the  commercial  estimation  of  Nitre,"  by  Mr.  J.  S. 
Blockley. 

"  On  the  manufacture  of  Sulphate  of  Copper,"  by  Mr.  J.  S, 
Blocklev. 

''  On  the  saline  atomic  volume  of  Lithium,"  by  Dr.  Odling. 

"  On  the  action  of  Boracic  Acid  upon  the  Carbonates  of  the 
Alkaline  Earths,"  by  Prof.  Bloxam. 

"  On  the  combination  of  Potassium  with  Carbonic  Oxide,"  by 
Prof.  Brodie. 

''  Remarks  on  the  immediate  source  of  the  Carbon  exhaled  by 
the  lungs,"  by  Dr.  Edward  Smith. 

''  On  the  Crystalline  Hydrates  of  Baryta  and  Strontia,"  by 
Prof.  C.  L.  Bloxam. 

'^  Description  of  an  hermetically  sealed  Barometer,"  by  Mr. 
Ptichard  Adie. 

"  Note  on  the  purification  of  Esculin  and  Paviin,"  by  Prof. 
Stokes. 

"  On  the  action  of  Pentachloride  of  Phosphorus  on  Tartaric 
Acid,"  by  Messrs.  Perkin  aiid  Duppa. 

"  On  the  Vapour-density  of  Ethylenamine,"  by  Dr.  Hofmann. 

"  On  the  formation  of  Starch,"  by  Dr.  Moldenhauer. 

"  On  the  application  of  Electrolysis  to  the  detection  of  the 
poisonous  metals  in  mixtures  containing  organic  matter,"  by 
Prof.  Bloxam. 
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''  On  tlie  Carbonates  of  Alnmina  and  the  Sesqidoxides  of 
Chromium  and  Iron,"  bv  ^Ir.  James  Bar  rati. 

"  On  refining  Gold  when  alloyed  with  Tin  or  Antimony,  so  as 
to  render  it  fit  for  the  purposes  of  Coinage/'  by  Robert 
Warington. 

^'  On  certain  sources  of  loss  of  precious  metal  in  some  opera- 
tions of  assaying/'  by  Mr.  G.  H.  Makins. 

"  On  an  Iron  Sand  from  New  Zealand/'  by  Dr.  J.  H.  Glad- 
stone. 

"  On  the  composition  of  Air  from  Mont  Blanc/'  by  Dr.  E. 
Frankland. 

*^  On  Biniodacetic  Acid/'  by  Messrs.  Perkin  and  Duppa. 

''  On  some  derivatives  from  the  Olefines/'  by  Dr.  Guthrie. 

"  On  New  Zealand  Iron  Sand/'  by  Mr.  E.  Riley. 

"  On  the  action  of  Chloride  of  Ethyl  upon  Ammonia/'  by 
Mr.  Grooves. 

The  following  discourses  have  been  delivered : — 

*'  On  Polyatomic  Alcohols/'  by  Dr.  Debus. 

'^  On  Graphite/'  by  Prof.  Brodie. 

''  On  Gas  Analysis/'  by  Prof.  Williamson. 

During  the  present  year  the  Society  has  lost  by  death  three 
of  its  Fellows,  Mr.  Jacob  Bell,  INIr.  Reginald  Morley,  and 
Dr.  George  AYilson,  Professor  of  Technology  at  Edinburgh.  It 
is  the  custom  to  give  a  brief  account  of  the  lives  of  those  Fellows 
who  are  thus  lost  to  the  Society. 

Mr.  Jacob  Bell  was  born  in  Oxfordshire,  in  the  year  1810. 
His  father  was  the  founder  of  the  important  Pharmaceutical 
establishment  with  which  his  name  is  thus  connected,  and  at 
17  years  of  age  he  was  apprenticed  to  his  father's  firm.  In  the 
intervals  of  business  he  still  found  time  for  self-improvement,  and 
attended  the  lectures  on  Chemistry  at  the  Royal  Institution,  and 
on  the  practice  of  Physic  at  King's  College.  He  had  also  a  de- 
cided taste  for  art,  and  received  lessons  on  Painting  from  his 
friend  the  Acadamician,  Mr.  11.  P.  Briggs.  This  taste  led  him  in 
later  years  to  acquire  a  valuable  collection  of  paintings,  chiefly  of 
the  artists  of  the  English  school.  This  collection  he  bequeathed 
to  the  British  Nation. 

As  the  chief  founder  of  the  Pharmaceutical  Society^  Mr.  Jacob 


168  rROCEF. DINGS  OF  THE  CnEMICAL  SOCIETY. 

Bell  had  the  strongest  claims  to  the  fri'atitude  of  his  profession  and 
to  the  consideration  of  all  interested  in  the  application  of  Chemical 
science.  The  foundation  of  this  Society  was  decided  on  at  a 
public  meeting  held  upon  the  15th  of  April,  1811 ;  but  it  was  at 
meetings  held  at  the  house  of  Mr.  Jacob  Bell,  that  its  constitution 
mav  truly  be  said  to  haye  been  framed. 

lie  was  a  member  of  the  Council  from  the  commencement  of 
the  Society,  and  rarely  allowed  any  engagement  to  interfere  with 
his  attendance  at  its  meetings.  At  his  death  he  was  its  President. 
He  also  founded  the  Journal  of  the  Pharmaceutical  Society  and 
Transactions,  to  which  he  made  seyeral  literary  communications, 
and  to  the  support  of  which  he  liberally  contributed. 

These  professional  labours  were  not  unappreciated  by  other 
countries.  Mr.  Bell  was  an  honorary  member  of  various  foreign 
scientific  societies.  He  was  one  of  the  original  Fellows  of  the 
Chemical  Society,  and  also  a  Fellow  of  the  Linnean  and  Zoological 
Society,  and  of  the  Society  of  Arts. 

AVith  the  yiew  of  furthering  the  interests  he  had  so  much  at 
heart,  Mr.  Bell  obtained  a  seat  in  Parliament,  and  in  June,  1851, 
he  moyed  for  leaye  to  bring  in  a  Bill  to  regulate  the  qualification 
of  Pharmaceutical  Chemists,  and  for  other  purposes  connected  with 
Pharmacy,  which,  although  modified  in  many  important  respects 
from  its  original  form,  passed  into  law. 

Towards  the  end  of  the  year  1858,  iNTr.  Bell's  health,  seriously 
declined.  In  the  year  1851,  owing  to  his  exertions  in  public 
speaking,  he  contracted  an  ulceration  of  the  tongue,  from  which 
he  neyer  thoroughly  recoyered.  His  death  took  place  at  Tunbridge 
Wells,  on  Sunday,  the  12th  of  June,  1859. 

Mr.  Bell's  was  an  useful  and  honourable  life.  He  laboured  in 
the  most  disinterested  manner,  for  a  period  of  18  years,  to  raise 
the  standard  of  education  in  his  profession,  and  to  advance  its  true 
interests.  Greatly  through  his  efforts,  relations  were  established 
between  Practical  Pharmacvand  Scientific  Chemistry,  which  in  this 
country  had  never  before  existed,  and  the  importance  of  which 
no  Fellow  of  this  Society  can  fail  to  recognize. 

Robert  Ptcginald  Ingham  Morley  was  born  August  2Gth, 
1826.  A  love  of  science,  which  was  early  manifested,  induced  him 
to  enter  himself  as  a  student  at  the  Royal  College  of  Chemistry, 
in  1849,  where  he  continued  his  studies  for  several  years,  and 
acted  as  Senior  Assistant  to  Dr.  Hofmann  during  the  Winter 
Session  of  1854. 
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In  1851,  he  communicated  a  paper  to  tlie  Chemical  Society 
"  On  Propione,  tlie  Ketone  of  Propionic  Acid/''  and  in  1851.  com-- 
municated  anotlicr  paper  to  the  Society  (in  conjunction  with 
Mr.  J.  S.  Abel)   "On  the  action  of  Iodide  of  Ethyl  on  Toluidine/' 

He  was  for  some  time  one  of  the  Visitors  of  the  Royal  Insti- 
tution. 

Circumstances  led  him  to  give  up  the  study  of  Chemistry  as  a 
profession,  and  subsequently  his  declining  state  of  health  prevented 
his  making  that  use  of  his  laboratory  which  his  love  of  science 
would  have  prompted. 

He  died  January  11th,  1860,  aged  33. 

George  Wilson*   was  born  in  Edinburgh,  on  Februarv  21 
1818.     His  parents,  observing  his  quick  sensibility   and   studious 
habits,  determined  to  give  him  the  best  education   in  tlieir  power, 
and  accordingly  he  passed  through  the  High  School   of  his  native 
city,  entered  its  University  in    1833,   and   graduated  in  medicine 
six   years   afterwards.     During   this   time,    he  showed   himself  a 
diligent  and  enthusiastic  student   of  science,  and   his   mind   was 
directed  more   and   more   towards   chemistry.     After  spending-   a 
session  in   London  as  assistant   to  Professor  Graham,  now  the 
Master  of  the    ]\Iint,  he    commenced    giving    public  lectures    at 
Edinburgh.     Tliere  he  was  attacked   by  a    severe    and    lin^erino" 
illness,  from  which  he  only  recovered  after  tlie  amputation  of  his 
left  foot,  and  with  a  constitution  so  shattered  that  he  never  knew 
afterwards  the  blessing  of  sound  health;  yet  he  rose  from  his   sick 
bed,  not  merely  with  his  former  elasticity  of  spirits  and  enthusiasm 
for  science,  but  with  a  still  nobler  purpose  in  life,  for  thenceforward 
religion  had  the  supreme  control  of  his  thoughts  and  actions.     He 
devoted  himself  to  teaching  his  favourite  science,  first  in  the  School 
of  Arts,  then  in  the  Veterinary  College,  and  in  the  Extra-academical 
IMedicine  School,  while  he  pursued  various  researches,   and   was  a 
frequent  writer  on  philosophical  subjects.     AVhen  it  was  proposed 
to  form  an  Industrial   Museum  in  the   Scottish   capital,   he   was 
selected  as  the  Director,  and  to  him  w^as  entrusted  the  collection  of 
the  specimens  and  models,  a  task  on  which  he  entered  con  amove 
and  performed  well.     In  1855  he  was  also  appointed   to  the  newly 
formed  Regius  Professorship  of  Technology,   and  he  gave   courses 
of  lectures  illustrated  by  the  collection  he  was  engaged  in  amassino-. 

*  The  obituary  notice  of  Professor  Wilson  has  been  kindly  communicated  by 
Dr.  J.  H.  Gladstone. 
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But  liis  labours  were  interrupted  by  frequent  attacks  of  illness  ;  his 
life  beeame  every  year  more  preearious;  he  declined  higher  honours; 
and  lecturing  till  within  four  days  of  the  close  of  his  life,  he  died 
on  November  2.2,  1859.  His  funeral  was  a  public  one,  attended 
by  multitudes  of  all  classes,  his  fellow-professors,  and  pupils,  the 
townspeople  who  had  listened  to  his  popular  lectures,  the  artizans 
whose  afteetions  he  had  won  during  his  technological  inquiries,  and 
a  large  number  of  private  friends  to  whom  he  was  endeared  by  the 
freshness  of  his  genius,  the  liveliness  and  wit  of  his  discourse,  the 
unselfishness  and  amiability  of  his  character,  and  the  genuineness 
of  his  piety. 

It  was  as  an  expounder  of  science  rather  than   as   a  discoverer 
that   Dr.  "Wilson  excelled ;  yet,  exclusive    of  lectures   and  larger 
works,   he  published  about  thirty  papers   on  subjects  connected 
with  Chemistrj",  General  Physics,  or  Physiology.     Some  of  these 
are  to  be  found  in  our  ]Memoirs  or  Quarterly  Journal,  others  in  the 
Edinburgh  Philosophical  Transactions,   or   elsewhere.      Many  of 
these  communications  have  for  their  object  the   enforcement  and 
further  illustration  of  the  views  of  other  observers,  and  the  invent- 
ing of  crucial  experiments  for  deciding  between  rival  hypotheses. 
He  boldly  commenced  with  an  "  Experimental   demonstration  of 
the  existence  of  Haloid  salts  in  solution ;"  he  then  exploded  the 
reputed  conversion  of  Carbon  into  Silicon  ;  but  his  most   complete 
research  of  a  chemical  nature  was   that   into  the  occurrence  of 
Fluorine  in  the  animal,  vegetable,  and  mineral  kingdoms,  on  which 
he  published  a  series  of  papers.     His  researches  on  colour-blindness 
belong  of  course  to  another  branch  of  science.     He  was  particu- 
larly fond  of  tracing  the  history  of  inventions    (as  that  of  the  air- 
pump),  and  he   wrote  several   monographs  on   eminent  chemists, 
besides  his  larger  work,  the  "  Life  of  Cavendish.'^     But  Professor 
AVilson's  chief  strength  lay  in   explaining   newly  discovered  scien- 
tific truths,  and  rendering  them  attractive  by  copious  illustrations. 
Hence  his  popularity  as  a  lecturer,  and  success   as  a  writer.     His 
little  book  on  Chemistry,  in  Chambers^s  Educational  Course,  has 
attained  a  sale  of  twentv-four  thousand ;  and   his  treatise   on  the 
Electric  Telegraph,  his  ^^  Five  gateways  of  knowledge,^^  and  other 
small  publications,  have  done  much  to  diffuse  a  taste  for  experi- 
mental philosophy. 

The  Society  then  proceeded  to  the  election  of  the  Council  and 
Officers  for  the  ensuing  year  (for  the  List,  see  page  94  of  this 
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April,  5,  18C0. 

Dr.  W.  A.  ^lillcr,  Vice-President^  in  tlie  Chair. 
Dr.  Thomas  Andrews  delivered  a  discourse  on  "Ozone." 
The  following  donations  have  been  received  : — 

"  Annalcs  de  Chhnie"  (1789  to  1805),  55  volumes:  from 
Dr.  R.  D.  Thomson. 

"  Jahrbueh  der  kaiscrlich-koniglichen  geologischen  Rcichs- 
anstalt/^  No.  3,  fUr  1859 :  from  the  Institute. 

''  Chemical  News,"  Nos.  13,  14,  15  :   from  the  Publishers. 

"  Journal  of  the  Society  of  Arts,"  Nos.  380,  381,  382 :  from 
the  Societv. 

"  Journal  of  the  Photographic  Society'^  for  March,  1860 : 
from  the  Societv. 

"  Literary  Gazette,"  ISTos.  89,  90 :  from  the  Publishers. 

"On  the  Composition  of  the  Photographic  Image,"  by  John 
Spiller,  Esq. :  from  the  Author. 


April  19,  1860. 

Robert  Warington,  Esq.,  in  the  Cliair. 

The  following  were  elected  Fellows  of  the  Society  : — 

M.  J.  Stark,  Esq.,  Norwich;  J.  A.  K.  Newlands,  Esq., 
19,  West-square,  Southwark ;  J.  McDonnell,  Esq.,  71,  Great 
Strand-street,  Dublin;  C.  E.  Long,  Esq.,  Westcrofc-place,  Ham- 
mersmith; F.  Sutton,  Esq.,  Norwich. 

The  following  papers  were  read  : — 

"  On  the  artificial  production  of  Tartaric  Acid,^'  by  Messrs. 
Perkin  and  Duppa. 

"  On  Crystallized   Potassium   and    Sodium,"    by  Mr.    C.    E. 

Long. 

"  On  the  Historv  (Ji  Cinnaraic  Acid,"  bv  Mr.  D.  Howard. 

'^  On  the  action  of  Sodium  on  Iodide  of  Methyl,"  by  Messrs. 
"Wanklvn  and  Buckheisen. 
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The  following:  donations  liave  been  received : — 


o 


"  Bulletin  de  I'Academie  Imperiale  des  Sciences  de  St.  Pctcrs- 
bourg/'  Tome  I.,  Feuilles  1 — 9  :  from  the  Academy. 

"  American  Journal  of  Science  and  Arts/^  jMarch,  18G0  :  from 
the  Editors. 

''  Canadian  Journal/^  March,  18G0  :  from  the  Editors. 

'*  Atlantis/'  No.  V. :  from  the  Catholic  University  of  Ireland. 

"  Two  Orations  delivered  before  the  Academy  of  Sciences  at 
!^^unich  \"  from  the  Academv. 

"  Report  of  Experiments  with  different  Manures  on  Per- 
manent Meadow  Land/^  by  J.  B.  Lawes,  Esq.,  F.R.S.,  and 
Dr.  J.  H.  Gilbert,  F.R.S.:  from  the  Authors. 


May  3,  1860. 

Professor  Br o die,  President,  in  the  Chair. 

William    Proctor,    Esq.,    Petergate,    York,    was   elected   a 
Fellow  of  the  Society. 

Dr.   J.   11.   Gladstone  delivered  a  discourse  '*'  On   Circular 
Polarization.^^ 

The  following  donations  have  been  received : — 

"  Transactions    of  the    Royal    Society    of  Edinburgh,'^    Vol. 
XXII.,  Parti. 

"  Proceedings  of  the  Royal   Society  of  Edinburgh,"   Session 
1858-59  :  from  the  Society. 

^'  Pharmaceutical  Journal"  for  May,  1860:  from  the  Editors. 
Chemical  News,"  Nos.  16 — 21 :  from  the  Publishers. 
Journal  of  the   Franklin  Institute"    for  February,    1860: 
from  the  Institute. 

"  Jonrnal  of  the  Photographic  Society"  for  April,  1860:   from 
the  Society. 

"  Literary  Gazette,"  Nos.  91 — 94  :  from  the  Publishers. 

''  Journal  of  the   Society  of  Arts,"  Nos.  383—387  :  from  the 
Society. 
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Mav  1 7,  1 800. 

Robert  Porrctt,  Esq.,  Vicc-rrosidcnt,  in  tlic  Chair. 

The  following  papers  were  read  : — 

"  On  Zine-methyl,'*  by  Mr.  J.  A.  AVanklyn, 

"  On  the  Stibethyls  and  Stibmethyls/'  by  G.  B.  Buckton. 

"  On  some  derivatives  from  the  Olefines/^  by  Dr.  Guthrie. 

The  following  donations  have  been  reeeived  : — 

"  Proceedings  of  the  Aeademy  of  Natural  Sciences  of  Phila- 
delphia," Nos.  1 — 5,  for  18G0  :  from  the  Academy. 

"  Journal  of  the  Society  of  Arts,"  No.  388,  389,  390  :  from 
the  Society. 

''  Journal  of  the  Franklin  Institute"  for  ^larch  and  April, 
18G0:  from  the  Institute. 

"  Quarterly  Journal  of  the  Geological  Society,"  May,  1860  : 
from  the  Society. 

"  Address  delivered  at  the  Anniversary  Meeting  of  the 
Geological  Society  of  London,"  February,  18G0,  by  J.  Phillips, 
Esq. :  from  the  Author. 

"  Journal  of  the  Photographic  Society,"  May,  1860 :  from  the 
Society. 

"  Chemical  News,"  Nos.  22,  23 :  from  the  Publishers. 


June  7,  1860. 
Professor  Brodie,  President,  in  the  Chair. 

Dr.    Frankland   delivered    a   discourse    on    Organo-metallic 
bodies. 

The  following  donations  have  been  received : — 

"  Denkschriften  der  kaiscrlichcn  Akademie  der  Wissenschaften 
(mathematisch-naturwissenschaftliche  Klasse).     Band.  XVII." 

"  Sitzungsberichte    der    kaiscrlichcn   Akademie    der  AVissen- 
schaften.  No.  10—28." 

''  Register  zu  den  Banden  XXI  bis  XXX :" 

from  the  Academy. 
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"  Jalircsbcriclit   fiir  Mcteorolgic  unci  Erdinagnctismus.     Band 

VI  fur  IS.-;!." 

"  Almanacli    dcr  kaiscrliclicu   Akadcniic   dcr   Wisscnscliaftcii 

fiir  1819  :'' 

from  the  Academy. 

"Journal  of  tlie  Society  of  Arts,  Nos.  391— 393  :''  from  the 
Society. 

"  Chemical  News,  Nos.  21— 2G  :''  from  tlie  Publishers. 

"Pharmaceutical  Journal  for  June,  1860:^'   from  the  Editor. 

"Literary  Gazette,  Nos.  95 — 98:^'  from  the  Pul)lishers. 

"  Elements  of  Chemistry,''  bv  William  Allen  Miller,  M.D. 
Part  I,  "  Chemical  Physics  :"  from  the  Author. 

"  Experimental  Inquiry  into  the  Composition  of  some  of  tlie 
Animals  fed  and  shaughtcrcd  for  Human  Food,^'  by  J.  B.  Lawes, 
Esq.,  F.ll.S.,  and  Dr.  J.  H.  Gilbert,  F.R.S.  :  from  the  Authors. 

"  Repertory  of  Patent  Inventions,"  13  volumes; 

"  Newton's  London  Journal  of  Arts  and  Sciences  : " 

from  Messrs.  De  La  Hue. 


June  21,  18G0. 

Thomas  Graham,  Esq.,  F.R.S. ,  in  the  Chair. 
The  following  papers  were  read  : — 

"  On  Baudrimont's  Protosulphide  of  Carbon,''  by  Lyon 
Playfair,  C,B.,  F.R.S. 

"  On  the  composition  of  Hydrated  Acids  of  Constant  Boiling 
point,"  by  H.  E.  Roscoe,  Ph.D. 

"  On  Acetoxybenzamic  Acid,  an  isomer  ofllippuric  Acid,"  by 

G.  C.  Foster,  Esq. 

"On  the  employment  of  Saccharate  of  Lime  as  a  Normal  Alka- 
line Solution  in  Volumetric  Analysis,"  by  F.  Maxwell  Ly  te,  Esq. 

The  foUoAvinsf  donations  have  been  received  : — 

"  Philosophical  Transactions,"  from  Part  II  for  1854  to  Part  II 
for  1859  :  from  the  Royal  Society. 

"  Observations  made  at  the  ^tagnetical  and  Meteorological 
Observatory  at  St.  Helena,"  Vol.  11. :  presented  by  order  of  the 
British  Government. 
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"  ^rontlily  Notices  of  tlio  Eoyal  Astronomical  Society/'  No.  7: 
from  tlio  Society. 

"  Chemical  News/'  Nos.  27,  28  :  from  the  Publishers. 

"  Twcuty-seventh  Annual  Report  of  the  Royal  Cornwall 
Polytechnic  Society  :  "  from  the  Society. 

"  Journal  of  the  Society  of  Arts/'  Nos.  391,  395 :  from  the 
Society. 

"  Literary  Gazette/'  Nos.  99 — 1 03  :  from  the  Publishers. 

"  Journal  of  the  Photographic  Society/'  June  1800  :  from  the 
Society. 

"  Journal  of  the  Franklin  Institute/'  May,  18C0  :  from  the 
Institute. 

"  On  the  Alloys  of  Copper  and  Zinc/'  by  F.  H.  Storer  :  from 
the  Author. 

''  Photographs  of  Fluorescent  Substances,  showing  the  small 
Chemical  effect  of  the  Light  reflected  from  them :"  from 
Dr.  J.  H.  Gladstone. 
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XIX. — 0)1  Organo-mctaUic  Bodies. 

A  Discourse  delivered  to  the  Members  of  the  Chemical  Society 

of  Londoji, 

By  Dr.  E.  Frankland,  F.U.S. 

Although  organo-metallic  bodies,  as  a  distinct  class  of  organic 
compounds,  are,  Avitli  one  exception,  the  creation  of  the  last  ten 
years,  yet  the  derivatives  of  these  bodies  have  been  known  for  a 
much  longer  period.  From  the  time  that  an  organic  acid  was  first 
united  with  a  metallic  base,  these  organic  compounds  containing 
metals  date  their  existence.  It  is  true  that  such  compounds  con- 
taining a  metallic  constituent  have  not  been  regarded  from  this 
point  of  view ;  but  a  little  consideration  will  serve  to  show  that 
they  stand  in  the  same  relation  to  organo-metallic  bodies  in  the 
strict  sense  of  the  term,  as  the  ethers,  alcohols,  acids,  and  numerous 
other  organic  families  occupy  with  regard  to  the  alcohol-radicals 
from  which  they  are  derived.  Thus  zinc-ethyl  yields  by  oxidation 
ethvlate  of  zinc : 

ZnCJI^    +    02   =   ZnO,  CJI5O 


Zinc-ethyl.  Etbylate  of  zinc. 

a  body  which,  altliough  unknown  until  formed  by  this  reaction, 
has  undoubted  and  well-known  analogies  in  the  ethylatcs  of  potash 
and  soda. 

By  suitable  processes  of  oxidation,  ethylate  of  zinc  may  be  con- 
verted into  acetate  of  zinc. 

ZnO^C^H.O   +   O^  =   C^H,ZnO^   -f    H2O2 

Ethylate  of  zinc.  Acetate  of  zinc. 

The  ethyl-compounds  of  potassium  and  sodium  also  pass  through 
analogous  phases  of  oxidation. 

Again  potassium-ethyl  and  sodium-ethyl,  under  the  influence  of 
carbonic  acid,  yield  the  propionates  of  potash  and  soda : 

KC,H-     +      C2O,     =     CeH^KO^ 

Potassium-ethyl.  Propionate  of  potash. 

NaC^H^    +     C20^     =     C,H,NaO^ 

Sodium-ethyl.  Propionate  of  soda. 
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The  same  result  may  also  probably  bo  n^ached  by  two  distinct 
staiics,  viz.,  first  by  the  conversion  of  potassiura-cthyl  and  sodium- 
ethyl  into  the  ethylates  of  ix)tash  and  soda  : 


Pot&sgiam-^lhvl.  Ethjiatc  of  potash, 

and  secondly  by  the  action  of  carbonic  oxide  upon  these  lx)dies : 

Etbylate  of  poUsh.  Propionate  of  potash. 

The  second  stage  of  this  conversion  has  not  yet  beefn  experi- 
mentally realized,  but  Berthelot's  injjcnious  production  of  formiate 
of  potash  from  carbonic  oxide  and  hydrate  of  potash  exhibits  an 
homologous  reaction. 

These  examples  sene  to  point  out  the  relations  existing  between 
organo-metallic  bodies  in  the  usual  acceptation  of  the  term,  and 
that  far  more  numerous  class  of  derivatives  to  which  the  same 
name  might  without  impropriety  be  applied ;  and  it  is  now  only 
necessary  to  remark  that  the  present  discourse  will  be  confined 
to  the  consideration  of  organo-metallic  bodies  in  the  usual  and 
more  restricted  sense  of  the  term. 


Formation  of  Organo-metallic  Bodies. 

Organo-metallic  bo<lies  admit  of  being  produced  by  a  great 
variety  of  processes;  but  these  numerous  methods  of  formation, 
with  very  few  exceptions,  admit  of  being  grouped  under  four  heads. 

1.  Formation  by  union  of  the  organic  radical  in  statu  nascenti 
trith  the  metal. 

Upon  this  method  depends  the  production  of  zinc-ethyl,  the 
reaction  being  usually  expressed  by  the  following  equation  : 

Iodide  of  ethji.  Z  .jU 

It  is,  however,  very  doubtful  whether  this  equation  correctly 
expresses  the  actual  change  which  occurs  in  the  production  of 
zinc-ethvl.  It  has  lon«r  l>een  known  that  this  bodv  is  found  in  a 
free  state,  in  vpry  small  quantity  only,  amongst  the  products  of  the 
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reaction  of  zinc  upon  iodide  of  ethyl,  but  that  there  exists 
amongst  these  products  a  crrstaiiine  lx>dy  which  contains  zinc, 
ethyl,  and  iodine,  and  which  may  be  regarded  as  formed  acocmling 
to  the  equation : 

Iodide  of  etbrL  EtiiiodlMle  oi  obc 

This  compound  is  decomposed  at  about  150^  C,  pelding  ioduu 
of  zinc  and  zineethyl : 

Btliiodide  of  ziBC  Zmct\h}l. 

Contemporaneously  with  the  first  of  the  above  reactions,  there 
occur  others  in  which  ethvl,  hvdride  of  ethvl,  and  ethrlene  are 
produced.  The  separation  of  ethyl  in  this  reaction  is  doubtless 
due  to  the  direct  action  of  zinc  upon  iodide  of  ethyl : 

Iodide  of  etiijl.  EtbrL 

whilst  the  appearance  of  the  secondary  products,  ethylene  and 
hvdride  of  ethvl,  results  from  the  action  of  the  ethiodide  of  zinc 
upon  iodide  of  ethyl : 

^"^^  \    \     •      I  >   -      H )  ^   ^*^^*       - 1 ; 

EtJkiodide  of  xiAC.     Iodide  of  etbrL  Hrdridec^e^tjL   Etiijlene. 

a  view  which  is  supported  by  the  behaviour  of  sodium-ethyl  in 
contact  with  iodide  of  ethvl.* 

^2  IC4H3      ^     -       I>      ~     -"^4"*  "       II  > 


Potaaanm-ed^'L       Iodide  of  ethji.         Ethylene.  Hydride  of  e^jL 

Notwithstanding  the  intermediate  stage  just  indicated  in  the 
production  of  zinc-ethyl,  the  final  result  of  the  reaction  is  correctly 
expressed  in  the  first  of  the  above  equations. 

*  ProoeediBgs  of  Eoral  Soc,  voL  ix,  p.  S45. 
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Zinc-methyJ  and  zlnc-amyl  are  produced  in  a  perfectly  analogous 
manner,  but  no  attempt  has  yet  been  made  to  form  the  corre- 
sponding compounds  of  the  remaining  alcohol-radicals. 

The  same  method  of  formation  yields  cadmium-ethyl j'^  when 
iodide  of  ethyl  is  digested  with  cadmium  at  a  temperature  of 
from  100°  to  150°  C. 


Iodide  of  ethyl.  Cadmium-ethyl. 

In  this  case  also  there  appears  to  be  an  intermediate  stage  in 
the  process,  probably  quite  analogous  to  that  noticed  in  the 
production  of  zinc-ethyl. 

The  temperature  at  which  the  ethiodide  of  cadmium  thus 
formed  is  decomposed  (177°  C.)  is  considerably  higher  than  that 
required  for  the  decomposition  of  the  corresponding  zinc-compound, 
in  consequence  of  which  a  small  proportion  only  of  cadmium -ethyl 
is  obtained,  the  remainder  being  broken  up  into  other  products. 
This  circumstance  has  hitherto  prevented  the  complete  inves- 
tigation of  cadmium-ethyl.  The  experiments  of  Wanklyn  how- 
ever scarcely  permit  its  existence  to  be  doubted. 

No  other  organo-cadmium  compounds  have  been  formed. 
Treated   with   iodide   of  ethyl,    magnesium   gives   magnesium 
ethyl,^  the  reaction  commencing  briskly  at  ordinary  temperatures, 
but  requiring  a  heat  of  120°  C  to  130°  C  for  its  completion : 


Iodide  of  ethyl.  Magnesium-ethyl. 

The  homologous  reaction  with  iodide  of  methyl  appears  also  to 
yield  maynesium-methyL\ 

Similarly  treated,  aluminum  yields  at  temperatures  from  100°  to 
130°  C,  aluminium-ethyl  and  aluminium-methyl.^ 

3^*^5J.     +     Al,     =     (aiJc.X     -•-     AlJl) 


S^^^HaJ     +     Al,     =     (Al^ju'll,     +     AlJl) 

*  Wanklvn,  Chem.  Soc.  Qu.  J.,ix,  193. 
t  Cahours,  Ann.  Ch.  Phys.  [3],  Iviii,  17.  t  Ibid,  p.  19.  §  Ibid,  p.  20. 
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Double  compouuds  of  alurainium-cthyl  and  aluminium-metliyl 
witli  the  iodide  of  aluminium  are  here  formed^  and  the  organo- 
aluminium  bodies  have  not  yet  been  obtained  with  certainty  free 
from  iodide  of  aluminium. 

Glucinum-ethyl^  appears  also  to  be  formed  under  similar  cir- 
cumstances^   but    its   existence  has   not  yet  been   confirmed  by 

analysis. 

Organo-compounds  of  Tin. — Although  these  bodies  can  be 
obtained  by  other  processes^  the  general  method  we  are  now 
considering  is  doubtless  the  most  convenient  mode  of  producing 
most  of  them.  Tin  is  capable  of  forming  three  distinct  classes  of 
binary  inorganic  compounds  which  may  be  represented  by  the 
following  general  formulae : 


'II2  I 


R 
R 


Sn. 


Sn. 


This  threefold  atomic  character  of  the  metal  tin  renders  the 
result  of  its  action  upon  the  iodides  of  the  alcohol-radicals  con- 
siderably less  simple  than  those  we  have  hitherto  considered. 
Without  taking  into  account  compounds  to  which  a  still  more 
complex  constitution  has  been  assigned,  the  existence  of  the 
following  series  of  organo-metallic  bodies  containing  tin  has  been 
established  :t 


1st  Series. 


Sn, 


2nd  Series. 

R  + 

Sn. 


8rd  Series. 

R  + 
Sn. 


4th  Series. 

R  + 
R  + 


Sn 


\ 


jR  + 

Cr+ 


The   second   and   fourth   of  these   series   have   not   yet    been 
produced  by  the  method  we  are  now  considering. 


*  Cahotirs,  Ann.  Ch.  Phvs.  [3],  Ivili,  22. 

+  In  these  formulte  K  +  represents  a  positive  organic  radical,  and  R —  a  negative 
radical :  no  negative  organic  radical,  as  such,  has  yet  been  introduced  into  these 
compounds. 
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First  Si-Rirs.     S^faunous  et/iide  (^11.2  "jf^"*!!")    i^    profliiccii   in 

small  quantities  by  the  aetion  of  heat  npon  a  mixture  of  iodide 
of  cthvl  and  tin  : 

2    *  j5^     H-      Sn^      =      Sn2  -^^\f     +      Sn2  |j 
Iodide  of  ethyl.  SIaduous  etbide. 

Sfannoiis  mcthide  is  doubtless  formed  nnder  similar  eonditions : 

Io<iide  of  methyl.  Stannous  methide. 

The  THIRD  SERIES  of  staun-oi'ganic  compounds]  are  formed  by 
the  following  reactions : 

2C2II3I.      +      Sn3     =      SuJc^h"      +      SnI 
Iodide  of  methyl.  Dimetliiodide  of  tin, 

2C4H5I      +      sn^     ^      Sn^-jcX      +      SnI 
Iodide  of  ethyl.  Diethiodide  of  tin. 

Fifth   Series.     The  following  chemical    changes  express   the 
mode  of  formation  of  compounds  belonging  to  this  series : 


C2H3 


3^^«3|     +    sn,   =   SnJg.,H3     +     Sn,  {^ 


Iodide  of  methyl.  Stannic  lodotrimcthide. 

( C4T1, 


Iodide  of  ethyl.  Stannic  lodotriethide. 


Sixth  Series. — The  most  abundant  products  of  the  action  of 
tin  upon  the  iodides  of  the  alcohol-radicals  belong  to  this  series ; 
indeed,  if  the  action  be  produced  by  light  instead  of  heat,  this 
series  of  bodies  is  formed  almost  to  the  complete  exclusion  of  the 
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others.  It  is  necessary,  however,  to  remark  that  the  materials 
exposed  to  light  should  be  completely  excluded  from  atmospheric 
oxygen,  otherwise  the  liquid  assumes  an  orange  colour,  and  the 
action  is  so  cftcctually  arrested  that  an  exposure  for  several  months 
to  sunlight,  concentrated  by  a  parabolic  mirror,  will  scarcely  pro- 
duce any  appreciable  change.  The  following  reactions  explain  the 
formation  of  bodies  belonging  to  this  series : 


2  ^2    H;,   1            _^ 

Sn, 

rc,H3 

=      SnJ^^Hs 

Iodide  of  methyl. 

Stanuic  dimethiodide. 

Iodide  of  ethyl. 

Stannic  dicthiodide. 

^10^^  11 


.''■} 


-j-      Sur,     =      Sn. 


Cio^ll 

I 


Iodide  of  amyl. 


Stanuic  diamvliodide. 


It  is  evident  that  three  series  of  tin-compounds  are  still  wanting 
to  complete  the  category,  viz. : 


Sn., 


R   + 
R  - 


Su. 


Sn. 


It  is  somewhat  remarkable  that  no  organo-tin  compounds  con- 
taining only  one  equivalent  of  positive  radical,  have  hitherto  been 
produced.  The  inference  to  be  drawn  from  this,  that  such  bodies 
do  not  exist,  must  be  checked  by  the  fact  that  no  special  attempts 
have  yet  been  made  to  form  them. 


Organo-  compounds  of  Mercury. — The  reaction  of  mercury  upon 
the  iodides  of  the  alcohol-radicals  gives  rise  to  two  series  of  organic 
compounds,  the  general  formulae  of  which  may  be  thus  written  : 
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1st  Series. 

Hg  ill  - 


2nd  Scries. 


H^li; 


+ 
+ 


The  fii'st  scries  only  of  these  bodies  can  he  produced  by  the 
general  mode  of  formation  now  under  consideration ;  hut  the 
members  of  the  second  scries  are  readily  obtained  by  the  action 
of  an  organo-zinc  compound  upon  those  of  the  first. 

For  the  production  of  the  first  series  of  these  bodies,  the  action 
of  light  is  essential,  except  iu  the  case  of  mercuric  iodo-allidc,  no 
elevation  of  temperature  being  capable  of  producing  the  chemical 
change.  The  following  equations  sufficiently  exhibit  the  nature  of 
the  reaction : 


C2H31 

-f 

Iodide  of  methyl. 

Iodide  of  ethyl 

C.H.}    . 

4- 

Hg 


Hg  f  ^^J= 


Hg 


Hg 


Mercuric 

iodomethide. 

=    iig 

JC,H, 

Mercuric 

iodoethide. 

=     Hg 

jCeHs 

Iodide  of  allyl. 


Mercuric  iodo-allide. 


For  the  production  of  the  methyl-compound,  bright  sunlight 
may  be  employed ;  but  the  reaction  for  the  ethyl-body  must  be 
conducted  in  diffused  daylight  only,  otherwise  no  organo-metallic 
compound  will  be  produced,  the  ethyl  being  eliminated  chiefly  as 
such,  but  partly,  also,  as  hydride  of  ethyl  and  ethylene : 


gC.H 


{'}     +  Hg,  =  2IIgI  +  ^j\^ 


Iodide  of  ethyL 


Ethyl. 


2^*^5>     +   Hg^  =  2IIgI   +   ^^JJsJ 


+     C4H4 


Iodide  of  ethyl. 


Hydride  of  ethyl.       Ethylene. 


In  addition  to  these  bodies,  compounds  containing  arsenic  and 
antimony  can  also  be  produced  by  this  general  mode  of  formation ; 
but  they  are  obtained  with  greater  facility  Ijy  the  second  method, 
which  will  now  be  described. 
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2.  Formation  of  or gano -metallic  bodies  by  the  action  of  the  respec- 
tive metals  alloyed  ivith  j^otassiu/u  or  sodium  vjwn  the  iodides  of 
,'.    the  alcohol-radicals. 

The  principles  involved  in  this  second  general  mode  of  produc- 
tion are  essentially  similar  to  those  in  the  first,  but  there  is  here 
less  tendency  to  form  compounds  containing  negative  as  well  as 
positive  radicals.  This  method,  although  not  capable  of  such 
general  application,  is  more  especially  adapted  to  the  formation  of 
the  organic  compounds  of  the  polyatomic  metals.  The  sinuilta- 
neous  production  of  an  organo-potassium  or  sodium  compound 
need  not  be  feared,  since  such  compounds  cannot  exist  in  the 
presence  of  the  iodides  of  the  alcohol-radicals. 

This  mode  of  formation  will  be  sufficiently  illustrated  by  the 
following  reactions : 

Arseiiic-comjjounds. 


2 


an 


^Hsf     ^   As  IS!  =   As  ^9Ah   -f   2NaI 


iNa 


Iodide  of  methyl. 


Cacodyl. 


2    4  ^5j.     ^   As  -^i^y^  +   As  -{r^'^rj^   +   2NaI 


IN 


Iodide  of  ethyl 


Ethyl-eacodyl. 


3C2H 


Na 


C2H3 


j4     +   As  ^  Na  =  As  -<(  C2II3    +   3NaI 
^  ^  Na  ( C2H3 


Iodide  of  methyl. 


Trimethvlarsine. 


Iodide  of  ethyl. 


C4H5 


^       I   [■     +   As-JNa  =   As-jc'll^    +   3NaI 


4      o 
Triethvlarsine. 


4C2H3I      _^    ^g 


Iodide  of  methyl. 


=  As  i  C,H,   +   3NaI 


|c:h 


Iodide  of  tetra- 
methylarsonium. 
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'^        I  i      "^    As-^Na  ^   As     Cjr^    +   SNal 


Iodide  of  methvl. 


Na 


C4H5 
I 


Iodide  of  totra- 
cthvlarsouiuin. 


Antimony-compounds. 


,c,ll 


l'\ 


+ 


Iodide  of  methyl. 


3  cj;=  1  + 


Iodide  of  ethyl. 


3^10^^111     4. 


Iodide  of  amvl. 


iC.K 


.'■} 


+ 


=    Sb 


Trimethylstibine. 
Triethylstibine. 
Triamylstibine. 


C2H3 
C2H3 

C,Il3 
C2H3 


-f   3NaI 


+   3NaI 


+   3NaI 


=    Sb 


+   3NaI 


Iodide  of  metliyl. 


c 


Na 


Iodide  of  ethyl. 


c 


^     >  (Na 


Iodide  of  tetra- 
methvlstibonium. 


''^l'    I     +     Sb-^Na    =    Sb 


C4H5 
C4H5 

I 


Iodide  of  tetre- 
thylstibonium. 


=    Sb 


C    TT 
C    H 


+   3NaI 


+   3NaI 


Iodide  of  amvl. 


Iodide  of  tctra- 
mylatibonium. 
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Tin-compounds. 


0  0,113 

-    I 

} 

Iodide  of  methyl. 

Iodide  of  methyl, 
4C2H3     1 

Iodide  of  no 

lethyl. 

+ 


S1I2  JNa    =    ^"-^  Ic'll 


-^    +   2NaI 


"Na 


4-      Sn. 


+      Sn, 


Stunnous-methide. 

Na    =    8112 -^Cllg   +    3XaI 
Na  (c;H3 

Stann-scsquimethide. 

Na  f C2H3 

Na    =S^^^ic!H!   +   4^^I 

Na 


2*^3 
C2H3 


Stannic  methide. 

Analogous  reactions  also  represent  the  formation  of  tlic  corre- 
sponding compounds  containing  ethyl  and  amyl. 


3  ^^^5 


+ 


Lead- compound. 


Pb. 


+     3NaI 


Iodide  of  ethyl. 


I 


} 


Plumb-sesquiethide. 
Bismuth' compound. 

+        Bi  -^  Na      =        Bi  •{  C^H,   +   3NaI 


(Na 


C4H5 


Iodide  of  ethyl. 


Bis-triethide. 

TeUuriuni'Compounds. 

Organo-telluriura  compoimds  are  formed  by  a  modification  of 
this  method,  which  consists  in  distilling  telluride  of  potassium 
with  sulphovinate  of  potash  and  its  homologues. 

2(0330.803  +  KO.SO3)  +  2KTe  =  Te.  j&jja  4.  4(K0.S03) 
J^ (^2^^  3 

Sulphomethylate  of  potash.  Tellurium-methyl. 

The  ethyl  and  amyl  compounds  are  prepared  by  homologous 
reactions. 

3.  Formation  of  organo-metallic  bodies  by  the  action  of  the  zinc- 
compounds  of  the  organic  radicals  upon  the  haloid  compounds  either 
of  the  metals  themselves  or  of  their  organo-derivatives. 

For  the  production  of  organo-mctallic  bodies  containing  less 
positive  metals  than  zinc,  this  method  is  perhaps  not  only  the  most 
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convcDient,  but  also  capable  of  the  most  p^cneral  application.  Com- 
pounds containing  mercury,  tin,  lead,  antimony,  and  arsenic,  have 
been  thus  produced,  but  it  has  failed  when  applied  to  the  haloid, 
compounds  of  copper,  silver,  and  platinum,  for  although  these 
bodies  arc  violently  acted  upon,  the  organic  group  does  not  unite 
•svith  the  metals. 

The  following  reactions  represent  the  present  state  of  our  know- 
ledge with  regard  to  this  method  of  formation  : — 

Merciiry'Comjwunds. 


Zinc-methyL  Mercuric  methide. 

Z°.  ^fll     -  2ng{CJ    =  2Hg  {gf^^3   +   2z„ci 

Zinc-methyl.  Mercuric  chloromethide. 

Zinc-ethyl.  Mercuric  ethide. 

Z°.  jg:"!    =  2Hg  {^1  =    2Hg  {g|H^   +   2ZnCl 

Zinc-ethyl.  Mercuric  chlorethide. 

Mercurous  ethide  and  mercurous  methide  have  not  yet  been 
obtained  either  by  this  or  any  other  process.  The  instability  of 
mercurous  compounds,  as  seen  in  the  inorganic  oxide  and  iodide, 
is  brought  to  a  climax  in  organic  mercurous  compounds;  the 
latter  arc  instantly  transformed  into  metallic  mercury  and  the 
more  stable  organo-mercuric  compounds.  Thus,  when  zinc-ethyl 
acts  upon  mercurous  chloride,  the  following  change  results :  — 

Z".  |c';K:   +  SngCl   =  Ilg  jg^^l   +   Hg  +  2ZnCl 

Zinc-ethyl.  Mercuric  ethide. 

Tin-compounds, 


Zinc-ethyL         Stannic  chloride.  Stannic  ethide. 
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Zinc-ethyl.  Staanic  diethiodide.  Staaaic  ethide. 

(ci  (  ^C\ 

Zinc  ethyl.  Chlorotriethide  of  tin. 

Zn,  ^^-^u^    +      SnJ^I       =        SnJ^^^^s   +   oZnCl 


CI 


Zinc-ethyl.  Stannic  dichlorethide. 

Zinc-ethyl.  Zincostannous  ethide. 

Zinc-ethyl.      Stannic  di-iodoethide.     Stannic  diethylomethide. 

Z"4cA   +   '"^   ]cA  =    ~S"^]&S:    +    2ZuI 

Zinc-eth}  1.      Stannic  iodo-trimethide.    Stannic  ethylotrimethide. 

Lead-compound. 

The  following   is  the  only   reaction  which  has   hitherto  been 
effected  bv  the  method  which  we  are  now  considerinoj : — 

Zno  ^r^^^    +   2PbCl   =    Pb  I^^S^   +   Pb   -f   2ZuCl 


Zinc-ethyl.  Plumbic  ethide. 

Antimony -comjjounds. 


CI  (C2H, 

SZn^  -l>;2^3      4.     2Sb-<Cl     =     2Sb  ^C.Hg   +   6ZnCl 

(^2^3  (ci  i  c;h. 


en    XT  (C^  ^   ^2^"^3 

j'-^2^3         O.         9«K  J( 


'2^^3 


Zinc-methyl.  Trimethylstibine. 
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3Zll,  |^^{[;     +    .^^Sb 


Zinc-ethyl. 


2Sb  -^C^lls   +   6ZuCl 


Tricthvlstibine. 


Arsenic-compounds. 


Zinc-methvl. 


=    2As 


C2H3 

C2H3 


+    6ZnCl 


Trimethjlarsine. 


SZn^-^^^^s    j^    oAs 


Zine-€thyl. 


=  2As 


C4H, 
C.H. 


Triethvlarsine. 


6ZnCl 


4.  Formation  of  organo-metallic  bodies  by  the  displacement  of 
a  metal  in  an  or cjano -metallic  compound  by  another  and  more 
positive  metal. 

TTanklyUj  to  whom  we  are  indebted  for  this  mode  of  formation, 
regards  this  displacement  of  one  metal  by  another  as  a  case  of 
true  electrolytic  decomposition.  He  thinks  that  in  zinc-ethyl,  for 
instance,  ethyl  is  the  electro- negative  and  zinc  the  electro-positive 
member  :  sodium  being  more  electro-positive  than  zinc,  replaces 
the  latter  metal,  and  forms  sodium-ethyl.  But  he  supposes  that 
where  the  original  organo-metallic  body  contains  a  metal  less 
electro-positive  than  the  hydrocarbon  radical,  then  the  latter,  and 
not  the  metal,  would  be  eliminated  by  contact  with  a  more 
positive  metal.  Cacodyl,  for  instance,  when  treated  with  sodium 
should  give  methyl  and  arsenide  of  sodium : 


As  3^.113 

^c,H3 

Cacodvl, 


+ 


Ka^     = 


As  i^'^ 
(Na 


+ 


C,II 


"3I 


Arsenide  of  sodium.       Methyl. 


This  ^-iew,  the  correctness  of  which  is  more  than  probable, 
is  supported  by  the  action  of  potassium  and  of  zinc-ethyl  upon 
ammonia : 


2N  \  H 
Ui 

Ammonia. 


+     K.,     = 


H, 


Potassamide. 
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2N^H     +     Zu^l^.I^Jj     =     2xU      +     ^CJU^ 


Ammonia.  Zincethyl.  Zincamide.         Hydride  of  ethyl. 

In  accordance  with  tliis  hypothesis,  Wanklyn  considers  that 
the  ethyl  in  sodium-ethyl  woukl  be  displaced  by  copper,  mercury, 
pLatinum,  Szc,  and  that  sodium-etliyl  is  only  in  equilibrium 
with  bodies,  whose  respective  positions  in  tlie  electrical  scale 
are  either  both  of  them  within,  or  both  of  them  without,  the 
space  lying  between  the  electro-positive  sodium  and  the  electro- 
nesrative  ethvl. 

This  fourth  mode  of  producing  organo-metallic  bodies  has 
hitherto  been  applied  only  to  the  formation  of  sodium  and 
potassium  compounds,  or  rather  double  compounds  of  these 
bodies  with  zincethyl,  according  to  the  following  reactions  : 

Zincethyl.  Double  compound  of  sodium-ethyl  and 

zinc- ethvl. 

Zincethyl.  Double  compound  of  potassium-ethyl 

and  zinc-ethvl. 

Sodium  also  displaces  mercnry  fi'om  mercuric  ethide  :  sodium- 
ethyl  seems  to  be  formed,  but  the  exact  natui'e  of  the  reaction 
has  not  been  ascertained. 


Properties  of  Orgaxo-metallic  Bodies. 

The  organo-metallic  compounds  as  a  class  are  distinguished  for 
the  extraordinary  energy  of  their  affinities.  With  certain  excep- 
tions, presently  to  be  noticed,  their  disposition  to  unite  with 
negative  elements  increases  with  the  positive  character  of  the 
metal  and  with  the  smallness  of  the  atomic  weight  of  the  alcohol- 
radical.  Thus  organo-potassium  and  sodium  compounds  possess 
more  chemical  enercrv  than  those  of  zinc,  whilst  the  latter  are 
more  active  than  the  compounds  of  arsenic,  antimony,  tin,  or  lead. 
Asrain,  in  the  series  beloncrinor  to  each  metal,  the  methvlic  com- 
pounds  are  more  energetic  than  the  ethylic  ones,  whilst  the  last 
greatly  surpass  the  araylic  compounds  in  this  respect.     But  whilst 
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tliese  general  principles  (xovern  the  chemical  energn^r  of  organo- 
mctallic  bodies,  their  eftect  appears  to  be  modified  by  the  degree 
of  saturation  in  which  the  metal  exists.  Althou<^h  this  circum- 
stance has  hitlicrto  received  only  very  partial  elucidation,  yet 
we  have  evidence  of  its  existence  in  the  case  of  orgauo-tin 
compounds.  Both  stannous  ethide  and  stannous  methide  com- 
bine directly  with  atmospheric  oxygen,  and  the  union  takes  place 
with  tolerable  rapidity ;  but  neither  stannic  ethide  nor  stannic 
methide  is  in  the  least  degree  acted  upon  by  free  oxygen  at 
ordinary  temperatures;  even  iodine  acts  upon  them  with  diflSculty. 
This  diminution  of  chemical  energy  in  organo-stannic  compounds 
cannot  be  ascribed  to  the  mere  influence  of  the  additional  weight 
of  hydrocarbon  which  they  contain,  since  stannous  amylide  readily 
unites  with  free  oxygen  at  ordinary  temperatures,  although  the 
single  molecule  of  amyl  which  it  contains  is  considerably  heavier 
than  the  double  atom  of  either  methyl  or  ethyl  present  in  the 
organo-stannic  compounds  just  cited. 

Organo-metallic  compounds  in  a  state  of  partial  saturation  play 
the  part  of  compound  radicals.  They  are  uniatomic,  biatomic, 
teratomic,  or  quadratomic,  according  to  the  number  of  molecules 
requisite  to  complete  their  saturation.  On  the  other  hand, 
organo-metallic  bodies  in  a  state  of  saturation  never  perform 
radical  functions,  they  never  undergo  chemical  change  without 
decomposition.  Thus  zinc-ethyl,  stannic  ethide,  mercuric  ethide, 
and  plumbic  ethide  all  give  substitution-products  when  they  are 
chemically  acted  upon. 

The  description  of  the  special  properties  of  the  organo-metallic 
bodies  may  be  conveniently  commenced  with  the  most  positive  of 
the  class,  viz. : 

Potassium  and  sodium  series.* — Tliese  bodies  have  not  yet  been 
isolated:  thev  are  known  only  in  combination  with  the  corre- 
spending  zinc-compounds.  The  double  compound  of  sodium-ethyl 
and  zinc-ethvl  is  the  onlv  one  which  has  hitherto  been  submitted 
to  analysis.     Its  formula  is 

2Zn    J  ^^^5       .       Xa    ^^4^5 

This  compound  first  separates  from  its  solution  in  zinc-ethyl  as 
a  transparent  fluid,  which  after  some  time  solidifies  to  a  mass  of 
large   tabular   crystals,  fusing  at  27'   C,    but  when  once  fused 

*  Wanklyn,  Proceedings  of  Eoy.  Soc,  ix,  341. 
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remaining  fluid  at  scTeral  degrees  below  that  point.  On  the 
application  of  a  moderate  heat,  gases  are  evolved,  and  a  mixtore  of 
sodium  and  zinc  without  carbon  is  left  behind.  The  double 
compound  decomposes  water  with  great  violence,  forming  hydride 
of  ethvl,  and  the  hvdrated  oxides  of  zinc  and  sodium.  The 
behaviour  \viih  negative  elements  has  not  vet  been  studied.  Its 
most  interesting  reaction  consists  in  the  absorption  of  carbonic 
acid,  which  it  transforms  into  propionic  acid.  The  sodium-ethyl 
alone  takes  part  in  this  reaction  :* 


Sodiam-ethTL 


A  similar  double  compound  containing  sodifrm^methyl,  as  well  as 
the  potassium-compounds  of  ethyl  and  methyl,  have  been  formed. 
They  have  not  yet  been  completely  investigated,  but  it  is  believed 
that  their  composition  and  properties  are  perfectly  analogous  to 
those  of  sodium-ethvl. 

Xo  comj)Ound  of  any  of  these  bodies  with  a  negative  dement 
has  been  obtained.  Their  action  upon  carbonic  acid  proves  that 
they  possess  a  still  higher  reducing  power  than  the  corresponding 
organo-zinc  compoimds,  and  they  will  therefore  doubtless  prove 
valuable  agents  for  the  substitution  of  positive  groups  for  negative 
elements  in  cases  where  organo-zinc  compounds  fail  to  produce 
the  desired  effect, 
y  Sodium-ethyl  decomposes  the  iodides  of  the  alcohol-radicals  in 
the  cold,  with  formation  of  iodide  of  sodiun:.-'- 

I 

Xi    -[^4^5     4.    o  ^4^5^      -    oxal    -    •">  ^4^?^-      -    2  C  H 
^^^-^(C^Hj    +   ^       1  ^ ~      H  >  -^4^4 

Sodium-eihTl.  Iodide  of  etliTl.  Hvdiideof  Ethykae. 

'ttkjL 

Owing  to  this  behaviour,  potassium  and  sodium  compounds  can 
only  be  prepared  by  method  Xo.  4. 

Maffneytum  series.^ — The  compoimds  containing  eihyl  and 
methvl  onlv  have  hitherto  been  examined,  and  the  former  akme 
submitted  to  analysis.     These  bodies  possess  a  close  similarity  to 

»  Wintlvn,  Chem.  Soc  Qa.  J.,  xi,  103L 
^  TFrankland.  Proceedinrs  of  Kov.  Soe,,  ix,  S45L 

t  Cahours,  Ann.  Ch.  Phr^.  hiii,  17. 
VOL.    XllT.  O 
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organo-zinc  compounds.  They  arc  very  volatile  colourless  liquids, 
possessing  a  powerful  alliaceous  odour  ;  arc  spontaneously  inflam- 
mable, and  decompose  water  with  violence.  They  do  not  readily 
decompose  the  iodides  of  the  alcohol-radicals,  and  can  therefore 
be  prepared  by  method  !N^o.  ] .  No  compound  of  these  bodies 
with  ncirative  elements  has  vet  been  ])roduced.  Thev  are  in  the 
condition  of  chemical  saturation.  Further  details  of  their  proper- 
ties are  wanting. 

Aluminium  and  Glucinum  scries.^' — Like  the  organo-compounds 
of  tlic  alkaline  metals,  the  aluminium  and  glucinum  compounds 
have  not  yet  been  isolated  with  certainty ;  they  are  known  only 
in  combination  with  the  iodides  of  the  respective  metals,  and  the 
composition  of  the  ethyl  and  aluminium  body  only  has  been  fixed 
bv  aualvsis.     Its  formula  is 

(C.H,  (I 

AlJc.H,     +     Aljl 

(C.H,  (l 

These  double  compounds  possess  great  chemical  energy ;  they 
are  spontaneously  inflammable,  volatile  liquids,  which  decompose 
water  with  explosive  violence.  They  are  attacked  by  zinc-ethyl, 
forming  iodide  of  zinc  and  very  inflammable  liquids,  which  latter 
are  believed  to  be  the  pure  organo-compounds.  They  appear  to 
be  chemically  saturated  bodies,  and  therefore  incapable  of  direct 
combination.     Further  details  are  wanting. 

Zinc  series.i — Three  bodies  belonging  to  this  series  are  known, 
viz.  : 


Zinc-methyl  Zn^  in^tr^ 

Zinc-ethyl  Zn.  -jp-^Ss 

Zinc-amyl  Zn.  j^^^u^^ 

They  are  colourless,   transparent,  mobile,  volatile,  and  odorous 
liquids,  composed  of  four  gaseous  volumes   of  the  hydro-carbon 

»  Cahours,  Ann.  Cb.  PhvH.,  Iviii,  20. 

+  Frankland,  Chem.  Soc.  Qu.  J.,  ii,  297,  and  iii,  44;  Phil.  Trans.,  cxlii,  431, 
and  cxlv,  259.     Wanklyn,  Chem,  Soc.  Qu.  J.,  xiii,  124. 
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radical,  and  two  volumes  of  zinc- vapour,  tlie  six  volumes  condensed 
to  four.  The  methyl  and  ethyl  compounds  are  spontaneously 
inflammable,  burning  with  a  greenish  blue  flame.  All  three  arc 
saturated  compounds  incapable  of  direct  combination.  In  contact 
with  water,  they  are  instantly  decomposed,  with  formation  of 
oxide  of  zinc  and  hydride  of  the  organic  radical. 

Zinc-methyl.  Hydride  of 

methyl. 

Zu    IC4H5       ,     H)   o     _  Zn)  Q       ,     0  C,  H,  > 


Zine-ethyl.  Hydride  of 

ethyl. 

Zn     i^io^^u    j_    ^R  O     -   ^°l  O      4.     2^ioHh7 
'^''2  ICoHj,    +    Hj   ^^2   -  Zn|  ^2    +    -^        H    I 


Zinc-amyl.  Hydride  of 

amyl. 

Gradually  treated  with  oxygen,  so  as  to  avoid  too  violent  action, 
they  form  the  respective  zinc-alcohols. 

"^^2  IC2H3        -^     ^4   -   '^        Zn  [  ^2 

Zinc-methyl  Methylate  of  zinc. 


Zinc-ethyl.  Ethylate  of  zinc. 

Zinc-amyl.  Amylate  of  zinc. 

The  action  of  iodine  upon   organo-zinc-compounds  consists  in 
the  transformation  of  both  their  constituents  into  iodides. 

^°^  {?:S:      +     I^  =  2ZnI    +    3  C.H3| 


Zinc-methyl.  Iodide  of  methyl. 

o  2 
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Zn    -^*^^"5      + 

h 

=   2ZnI 

Zinc -ethyl. 

Iodide  of  ethyl. 

Zn,  |^.o][n    + 

I. 

-   ::2ZiiI 

C    II    > 

Zinc-amyl. 

Iodide  of  amyl. 

Organo-zinc  compounds  behave  in  a  manner  exactly  analogous 
in  contact  with  the  other  halogens. 

Reactions  like  the  foregoing,  point  to  the  applicability  of  these 
compounds  for  effecting  the  substitution  of  positive  groups  for 
negative  elements  in  compound  bodies,  an  application  which  has 
not  failed  to  attract  the  notice  of  chemists.  In  addition  to  the 
reactions  of  this  class  given  above  as  examples  of  the  formation  of 
organo-metallic  bodies  by  the  third  method,  the  following  have 
been  realized  : 

With  Binoxide  of  Nitrogen.* 


Binoxide  of  Zinc-methyl.  Dinitro-methylate 

nitrogen.  of  zinc. 

2(N,0,)     +    Zn,  IC4H.  =  3  N,C,II AJ  o. 


Zinc-ethyl,  Dinitro-ethylate  of  zinc. 

It  will  be  perceived  that  these  reactions  are  the  exact  analogues 
of  the  one  already  mentioned  in  the  sodium  and  potassium  series, 
where  carbonic  acid,  treated  with  sodium-methyl  and  sodium- 
ethyl,  forms  acetic  and  propionic  acids.  In  fact,  dinitro-methylic 
and  dinitro-ethvlic  acids  mav  be  rc'^arded  as  the  analoijues  of 
acetic  and  propionic  acid  respectively ;  the  nitrogen  here  sustain-) 
ing  a  biatomic  character,  and  replacing  an  equivalent  amount  of 
carbon. 

"With  Sulphurous  Acid.f 
OfS  O  1    4-    Zn     -!^^2^3    j_    2^2^2^^rp2l  Q 


Sulphurous  acid.       Zinc-methyl.  Methylodithionate 

of  zinc. 

*  Frankland,  Phil.  Trans.,  1857,  p.  59. 

f  Hobaon,  Chem.  Soc.  Qu.  J,,  x,  .55  and  243. 


FRANKLAND,    OX   OUGANO-METALLIC    BODIES.  197 

SIS  O  ^    4-    Zn     1^4 ^^5    —    9^:fii^^r:>^A\  f) 


Zinc  ethvL  Ethylo<lithionate  of 

zinc. 


"With  Terchloridc  of  Phosphorus.* 


2(PCl3)    +   3Zn2  |^)J|i   =   2P-5c2n3   -r   OZnCl 


Zinc-methyL  Trimethylphosphine. 

2(PCl3;    +   3Zn2  j^!^ii^   =   2P-^X^H^   +    GZnCl 

Zinc-ethyl.  Triethylphocphine. 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to 
its  extreme  limit  in  the  case  of  pentatomic  bodies,  such  as  phos- 
phorus, arsenic,  or  antimony.  Mr.  Buckton  has  recently  at- 
tempted this  in  the  case  of  antimony ;  but  although  evidence  of 
the  existence  of  a  pentethide  of  antimony  was  obtained,  the  body 
could  not  be  isolated  and  its  composition  satisfactorily  fixed.  The 
great  stability  of  the  triatomic  compounds  of  these  bodies  will 
probably  present  considerable  difficulty  in  the  way  of  obtaining 
pentatomic  compounds  of  an  exclusively  positive  character,  such 
bodies  being  doubtless  easily  resolved  into  the  more  stable  group- 
ings represented  in  the  following  equation  ; 


Sb  (  C.H,     = 

Sb  ]  C,H, 

Antimonic  ethide. 

Triethylatibine. 

EihyL 

"Whilst  on  the  one  hand,  organo-zinc  compounds  are  thus 
capable  of  effecting  the  substitution  of  their  positive  organic  group 
for  negative  elements,  they  can,  on  the  other  hand,  in  certain  cases 
replace  hydrogen  by  zinc,  forming,  for  instance,  with  ammonia 
and  its  homologues,  a  series  of  zincamides.  In  this  direction  the 
following  reactions  have  been  recorded. f 

*  Hofmann  and  Cahours,  Phil.  Trans,  for  1857,  p.  573. 
t  Frankland,  Proc.  of  Eoyal  Soc.,  riii,  502. 
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Zn.,  -I  ^^^-^   +    2N  •)  H 
-    &^^h  ill 


Ziuc-ethvl. 


Ammonia. 


Zincamide. 


+   "^      H  ) 
Hydride  of  ethyl. 


Zllo   <Pr\'    +     2N-^  II 


=  2N 


^iQ^^s  C  IT  ) 

Zn    +    2     'u'[ 
H  ^^  ^ 


Zinc  ethyl. 


Aniline. 


Zincphenylimide.       Hydride  of  ethyl. 


(CJT 


C4H; 


(C4H5 

3N  ]  C,H, 
(Zn 


+    2^*^ 


Si 


Zinc-ethvl. 


Diethylamine.  Diethyl-zincamide.      Hydride  of  ethyl. 


•^  IC,H, 


=   N. 


Z112 


+   2^4M 


Zinc-ethyl. 


Oxamide. 


Zincoximide.  Hydride  of  ethyl. 


C4H3O2  p    TT 

2N-<!      Zii      +   2'"4^5 
H  ^ 


} 


Zinc-ethyl. 


Acetamide. 


Zinc-acetimide.         Hydride  of  ethyl. 


Of  the  same  nature  apparently  is  the  reaction  between  zinc-ethyl 
and  acetic  anhydride.* 


The  members  of  the  zinc-series  unite  with  neutral  salts  to 
form  compounds  which  have  been  but  little  examined.  The 
following,  however,  are  known  :t 


Dinitromethvlate  of  zinc  and 
zinc-methyl 

Dinitroethylate  of  zinc   and 
zinc-ethyl 


2  N,C,H30 
Z 


S  O: 


+    Zn, 


(CJI 
1C„H 


3 


"^  Znj   ^^2    +    ^^2  jc^H 


5 


*  When  zinc-ethyl  is  added  to  acetic  anhydride,  torrents  of  pure  hydride  of  ethyl 
are  evolved  ;  the  other  product  of  the  reaction  has  not  been  examined. 
t  Frankland,  Phil.  Trans.,  1857,  p.  59. 
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Finally,  it  lias  been  observed,  that  zinc-methyl  when  generated 
in  contact  with  methylic  or  vinic  ether,  combines  with  these 
bodies,  forming* 

Methylate  of  zinc-methyl     2(^Zn2  ]q^[M    +    C^h4  ^2 
Ethylate  of  zinc-methyl       2/^Zu2  j^^j^'A    +    q^jW  O^ 

Cadmium  Series.-\ — Only  one  member  of  this  series  is  known, 
and  that  very  imperfectly.  So  far  as  its  properties  are  made 
out,  they  appear  to  be  perfectly  analogous  to  those  of  the  zinc 
compounds. 

Tin  Series. X — A  large  number  of  organo- metallic  bodies  con- 
taining tin  have  been  described.  The  existence  of  the  following 
may  be  considered  as  clearly  established. 


a.  Stannous  compounds. 

(C  H 

Stannous  methide,  or  stanmethyl        Sn2  ip^xr 

Stannous  ethide  or  stanethyl  Sug  •] 


C4H5 
C4H5 


b.  Sesqui-compounds. 


Sesquimethide  of  tin  ^ 


Sesquiethide  of  tin 


Dimethiodide  of  tin 


Diethiodide  of  tin 


C.Hs 


*  Frankland,  Phil.  Trans.,  1859,  p.  412. 

t  Wanklyn,  Chem.  Soc.  Qu.  J.,  ix,  193. 

t  Frankland,  Phil.  Trans.,  1852,  p.  417,  and  Phil.  Trans.,  1859, p.  401.  Cahoura 
et  Riche,  Compt.  rend.,  xxxv,  91,  and  xxxvi,  1001.  Lowig,  Ann.  Ch.  Pharm. 
Ixxxiv,  308.  A.  Grimm,  Ann.  Ch.  Pharm,  xcii,  383,  Buckton,  Phil.  Trans. 
for  1859,  p.  423.     Cahours,  Ann.  Ch.  Phys.,  Iviii,  22. 
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c.  Stannic  compounds. 

Stannic  mcthide  Sn2  \  n^^^ 

C2H3 


5 


Stannic  etliide  Sn.,  I  ri^^T^ 

C4H5 

C    XT 

Stannic  etliylomethide  Sn2  -i  p^tt^ 

4-       o 
P     TT 

Stannic-ethylo-trimetliide  Sng  <(p^tt^ 

C2H3 


Stannic  iodo-trimethide  Sn„  •<  ^^^^s 


OC,H3 


■C4H5 


1    p     TT 

Stannic  iodo^trietliide  Sno  -<  ^i"^tt^ 


MC,H, 


C2H3 

Stannic  iodo-dimetliide  Sn2  \  ^2^3 

■C4H3 
Stannic  iodo-dietliide  Sug  ^  ^^ ^^s 

It  is  scarcely  necessary  to  observe  that  the  iodine  in  the  above 
compounds  admits  of  replacement  by  any  salt-forming  radical 
and  also  by  oxygen  or  sulphur. 

Stannous  compounds  are  oily  liquids  soluble  in  alcohol  and 
ether,  but  insoluble  in  water,  and  possessing  a  pungent  odour. 
They  cannot  be  distilled  without  decomposition,   being  resolved 
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into  stannic  compounds  and  metallic  tin.  They  arc  in  a  state  of 
partial  chemical  saturation  only,  and  therefore  perform  the  part 
of  radicals,  combining  directly  with  clilorine,  oxygen,  &c.,  and 
forming  well-marked  bodies  of  great  stability. 

Stannous  compounds  are  biatomic,  and  unite  directly  with 
free  oxygen,  chlorine,  &c.,  to  produce  bodies  of  the  staniiic  form. 
Thus  stannous  ethide  forms  with  oxygen,  stannic  oxydiethide. 

(    o 


Stannous  ethide.  Stannic  oxydiethide. 

Stannous  compounds  have  never  yet  been  observed  to  play  a 
uniatomic  part.  No  sesqui-compound  has  been  directly  formed 
from  a  stannous  body ;  the  latter,  under  the  influence  of  iodine, 
oxygen,  &c.,  seems  to  pass  at  once  into  the  stannic  form.  It 
must  be  remarked,  however,  that  no  direct  experiments  have  been 
made  with  a  view  of  revealing  any  uniatomic  attribute  which  may 
attach  to  stannous  compounds. 

(11  + 
Sesqui-compounds  of  the  form  Sn2  •<  R  +  have  hitherto  been  very 

(R-r 
little  examined.  They  are  oily  liquids,  uniting  dii'cctly  with  nega- 
tive radicals,  forming  an  extensive  series  of  compounds  belonging 
to  the  stannic  class,  a  considerable  number  of  Avliich  have  been 
studied.  The  following  examples  will  serve  to  show  the  mode  in 
which  sesqui-compounds  of  this  form  pass  into  bodies  of  the 
stannic  class  : 


+      I      = 


Sesquiethide  gf  tiij.  Stannic  iodotriethide. 


C4H5  fC,H, 

C4H5     J.     T      -     Sn  ;  C^Hj     j_     C^H. 


s-^icln;    +    I2   =   sn,^-*p    +    -^-^] 


Stannic  iodotriethide.  Stannic  iododiethide.      Iodide  of  ethyl. 
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No  reduction  of  a  sesqui-compoiind  to  a  stannous  compound 
has  vet  been  effected,  althouE^li  it  can  scarcely  l)e  doubted  that 
an  aqueous  sohition  of  diethiodidc  of  tin,  for  instance,  if  treated 
■Nvitli  zinc,  would  yield  stannous  cthide.  On  the  other  hand, 
stannic  etliide  or  methide  in  contact  with  iodine  is  transformed 
into  a  sesqui-compound,  viz.,  diethiodidc  of  tin  : 

.a 


HVI3 

( c:ii 


sn.^p^;;^    +    T3  =   sn.^c.H^      +    2-2h:3J 


Stannic  ethylo-dinicthide.  Diethiodide  of  tin.         Iodide  of  methyl. 


;no-^R 


Sesqui-compounds  of  the  form  Sn2  -j  R+   are  very  little  known. 

(r- 

In  fact  the  diethiodide  of  tin,  the  production  of  which  from 
stannic  ethylodimethide  has  just  been  mentioned,  is  the  only  one 
known  with  certainty.  It  is  a  colourless  mobile  liquid,  boiling 
with  partial  decomposition  at  208°  C,  and  possessing  a  most 
insupportable  odour,  resembling  essential  oil  of  mustard.  Heated 
with  excess  of  iodine,  it  is  transformed  into  stannic  iododiethide : 

+      I     =      Sn>JI. 


Diethiodide  of  tin.  Stannic  iododiethide. 

Stannic  compounds  of  the  form  Sn2  \  tj  T  ^^^  colourless  mobile 

liquids,  possessing  a  slight  ethereal  odour.  They  are  volatile 
without  decomposition,  and  are  very  stable.  Being  in  the  con- 
dition of  chemical  saturation,  they  are  incapable  of  direct  com- 
bination. No  body  can  act  upon  them  without  expelling  one  or 
more  equivalents  of  positive  radical.  Thus,  when  heated  with 
hydrochloric  acid,  stannic  ethide  yields  stannic  chlorotriethide  and 
hydride  of  ethvl  : 

(C4n;  ( c,H, 

(C,H3  (    CI  

Stinnic  ethide.  Stannic  chlorotriethide.  Hydride  of  ethyl. 
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With  two  equivalents  of  iodine^  tlie  reaction  is  : 
iC.ll,  (     I 


Stannic  ethide.  Stannic  iodotriethidc.       Iodide  of  ethyl. 

And  with  four  equivalents  of  iodine  : 
C4H5 

C4H5         ,         T        _  Q,^    j  CJ^5  o  C^H 


Sn 

^      1     I    ■      n 


■2  ^  C,H, 


C.H, 


+     I,    =       SnJC.H.     ^     3C,H,| 


Stannic  ethide.  Stannic  iododietliide.       Iodide  of  ethyl. 

Stannic  compounds  of  the  formSn2-<^    ,,  commonly  called 

(r- 

compounds  of  sesquistanetliyl,  have  been  comparatively  well 
studied.  The  oxides  are^  in  the  anhydrous  condition,  volatile, 
limpid,  oily  liquids  which  readily  unite  Mith  water,  forming 
crystalline  hydrates  which  have  a  powerful  alkaline  reaction,  and 
neutralize  the  strongest  acids,  forming  an  extensive  series  of  salts. 
These  salts  are  almost  all  soluble  in  water,  readily  crystallizablc, 
and  of  a  very  pungent  odour.  The  stannic  iodotriethidc  and  the 
stannic  triethylosulphate  may  be  adduced  as  examples  of  the 
haloid  and  oxysalts  respectively  : 


Stannic  iodotriethidc 


Stannic  triethylosulphate 


Tj have  also  been  very 

completely  investigated.  The  oxides  are  white  amoj'phous  powders, 
insoluble  in  water,  alcohol,  and  ether.  They  dissolve  in  hydro- 
chloric, hydriodic,  and  hydrobromic  acids,  forming  colourless  and 


204  FUANKLANH,    ON    OKGANO-METALLIC    BODIES. 

iuotlorous  salts,  mIiIcIi  crystallize  in  fine  prisms.  Most  of  the 
oxysalts  can  also  be  obtained  in  the  crystalline  form,  either  from 
aqncous  or  alcoholic  solutions.  The  iodide  and  sulphate  of  stannic 
dicthidc,  which  may  be  regarded  as  representatives  of  the  haloid 
and  oxy salts,  have  the  following  fornmlaj : 

Stannic  cthylodisulpl) ate        ^^^2\    so^      '       j  ^^^'^ 


(  SO,  j  0 


Stannic  iododiethide 


Stannic  compounds  of  this  form  are  readily  reduced  to  stannous 
compounds ;  thus,  when  a  piece  of  zinc  is  plunged  into  a  solution 
of  stannic  chlorodiethide,  stannous  ethide  is  produced  : 


Sn,^")Y5      +      Zn^     =      Sn^l^-^j^s      4-      2ZnCl 


Stannic  chlorodiethide.  Stannous  ethide. 

Bismuth    Series.* — The    following   bodies   belonging   to   this 
series  have  been  described : 

.  (C4H5 

1.  Bismuthous  ethide  Bi-KC^Hg 

C4H5 

2.  Bismuthous  dichlorcthide       Bi  ■{    CI 

CI 

3.  Bismuthous  di-iodoethide       Bi  •<(     I 

I 

.     C,H, 

4.  Bismuthous  dioxyethide  Bi  •<{    O     ? 

O 

*  Breed,    Ann.    Ch.   Phann.,    Ixxxii,   106;    DUnhaupt,    Ann.    Ch.   Tharm., 
xcii,  371. 
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5.  Double  compound   of   ])is-^  ^'4 1^5 

mutlious    sulpliide     uith  J-  Bi  '  C^llg      4-      2Bi 
bismutbic  sulpliotrictliidc}         j       S 

[    s 

These  bodies  have  as  yet  been  l)ut  very  imperfectly  investigated. 
Bisrauthous  tricthide  is  a  colourless  or  slightly  yellow  mobile  liquid, 
having  an  unpleasant  odour  like  that  of  stibethine.  Exposed  to 
the  air,  it  gives  off  dense  yellow  fumes,  inflames  spontaneously, 
and  finally  explodes.  It  is  very  instable,  begins  to  decompose  at 
50°  or  60°  C,  and  explodes  violently  when  heated  to  150°  C,  a 
temperature  still  below  its  boiling  point.  No  direct  compound  of 
this  body  has  yet  been  obtained ;  it  behaves  like  a  chemicallv 
saturated  substance,  and  when  slowlv  oxidized  in  contact  with 
water,  yields  alcohol  and  hydrated  oxide  of  bismuth : 


CJh 


+   sjjl  O2   +   Ofi  =   Bi03,3IIO   + 


Bismuthous  ethide.  Alcohol. 

When  an  alcoholic  solution  of  bichloride  of  mercury  is  added  to 
an  alcoholic  solution  of  bismuthous  ethide,  mercuric  ethochloridc 
crystallizes  out,  whilst  bismuthous  dichlorcthidc  remains  in  solu- 
tion : 

+     2HgCl2     =     Bi-^    CI        +     211^^'' 


0^-^2  —  XJl    -N  ^X  -r  rWXi^      -s         ^^ 


Bismuthous  Bismuthnus  Mercuric 

ethide.  dichlorcthidc.  chlorcthidc. 

From  the  bismuthous  dichlorcthidc,  the  diiodide  and  dioxycthide 
are  prepared  by  double  decomposition,  whilst  the  simultaneous 
action  of  sulphuretted  hydrogen,  water,  bismuthous  ethide,  and 
atmospheric  oxygen  is  said  to  produce  the  double  compound  of 
bismuthous  sulphide  and  bismuthic  sulphotriethide. 

Lead  Series.* — The  following  bodies  only  are  known,  the 
ethyl  group  alone  having  been  explored  : 

*   Lowig,  Ann.  Ch.  Tharm.,  Ixxxviii,  318;  Buckton,  Phil.  Trans.,  1859,  p.  417. 
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Diplumbic  trictlildc  Tb.,  <  ('4II5? 

"  (04115 


riumbic  oxytrictliidc  I^^-^'  ^-^^^s 


(C4H 
1C4H 

1%' 


5 


C4H5 


Plumbic  clilorotiictbide  Pb„ •<  S^jj* 

CI 


nC^H, 


C4TI5 
P  FT 

Plumbic  triethylosulphate      Pbj  -(  r^^Tj^ 


C4H, 

Phimbic  ctliide  Pb^  ^  ^*|J5 

The  existence  of  tlie  first  of  these  bodies  cannot  be  said  to  be 
clearly  established ;  but  by  the  action  of  an  alloy  of  sodium  and 
lead  upon  iodide  of  ethyl,  a  colourless,  mobile,  volatile  liquid  is 
obtained,  which,  when  dissolved  in  alcohol  or  ether,  and  exposed  to 
the  air,  forms  plumbic  oxytriethide,  a  body  which  is  however 
more  readily  obtained  by  the  decomposition  of  the  chloride  witl 
oxide  of  silver : 

(    Cl  (.    o 

Plumbic  chlorotriethide.  Plumbic  oxytriethide. 

Plumbic  ethide  is  a  colourless  limpid  fluid,  soluble  in  ether,  but 
insoluble  in  water,  and  possessing  a  faint  odour.  It  is  not  acted 
upon  by  oxygen  at  ordinary  temperatures,  but  chlorine,  bromine, 
and  iodine  act  violently  upon  it.  Plumbic  ethide  belongs  to  the 
class  of  saturated  bodies,  and  is  consequently  incapable  of  forming 
compounds.  "When  it  is  treated  with  hydrochloric  acid,  hydride 
of  ethyl  separates  and  plumbic  chloro-triethide  is  formed : 
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Pbo 


C4H5 
C4H5 

C4H5 


c,n. 


+     II  CI     =     Pb. 


^ 


Pliim})ic 
etliide. 


riumbic 
chlorotriethide. 


Hydride  of 
ethyl. 


From  plumbic  cbloro-triethide  the  sulphates  and  other  salts  can 
be  prepared  ])y  double  decomposition.  These  salts  may  also  be 
obtained  still  more  readily  from  the  oxide,  which  is  a  crystalline, 
volatile,  pungent  body,  possessing  a  powerful  alkaline  reaction,  and 
attracting  carbonic  acid  from  the  air. 

•r 

Mercuric  Series.* — This  series  is  confined  to  bodies  of  the 
mercuric  type,  no  organo-mercurous  compound  having  been  yet 
produced.     It  comprises  the  following  members  : 


Mercuric  methiodide 
Mercuric  methhydrate 
Mercuric  methonitrate 
Mercuric  methide 
Mercuric  cthiodide 

Mercuric  etholivdrate 
Mercuric  ethonitrate 
Mercuric  ethide 
Mercuric  ethylomethide 


Hg  ^f 


!-»  C.' 


Hg 


CoH, 

no; 


Hg  jCf^ 

"s  1h  O, 


lU  IC4H, 

"  1C4H5 

(C,H 


Hs  icrH 


5? 


Mercuric  methide  and  mercuric  ethide  are  colourless,  ethereal, 
volatile  liquids,   insoluble  in  water,  but  insoluble  in  alcohol  and 

*  Frankland,  Phil.  Trans.,  1852,  p.  436,  and  Phil.  Trans,,  1859,  p.  409  ;  Dun- 
haupt,  Ann.  Ch.  Pharm.,  xcii,  371;  Strecker,  Ann.  Ch.  Pharm.,  xcii,  57; 
Buckton,  Phil.  Trans.,  1858,  p.  163,  and  1859,  p.  417. 


208 


FUANKLAXD,    ON    OrwGANO-METALLIC    BODIES. 


ether,   and  possessing  great  stability.      They  arc  in   a   state   of   | 
maxinnim  saturation,  and  cannot  therefore  unite  with  any  other 
body  without  tlie  displacement  of  an  equivalent  of  positive  radical. 
Thus  with  bromine,  mercuric  etliide  gives  bromide  of  ethyl  and 
mercuric  ethvlobromide : 


iig 


+     2Br     = 


II" 


C,H5 
Br 


Mercuric 
ethide. 


]\rercuric 
ethylobromide. 


+ 


C4H5 

Br 


} 


Bromide  of 
ethyl. 


'With  hydrated  sulphuric  acid  the  action  is: 


Hg  I^^JJj     +   SOJI  = 


Mercuric 
ethide. 


TT   (cni, 
"s  i  so: 

Mercuric 
ethosulphatc. 


+ 


Hydride  of 
ethyl. 


Mercuric  m etliide  possesses  the  highest  specific  gra\4ty  of  any 
known  non-metallic  liquid  (3'069).  Glass  consequently  floats 
upon  its  surface.  Brought  in  contact  with  mercuric  iodide, 
mercuric  methide  and  mercuric  ethide  are  converted  respectively 
into  mercuric  mcthiodide  and  mercuric  ethiodide  : 


Hg|c:2:  +  ^^^U  =  ^«^f 


2H3 


Mercuric  methide. 


Mercuric  mcthiodide. 


„  (C.IL  ^  TT  fl 


=     ^H3 


■C4H, 


Alercuric  ethide. 


Mercuric  ethiodide. 


The  reaction  with  mercuric  chloride  is  exactly  analogous.  The 
hydrates  of  mercuric  methoxide  and  mercuric  ethoxide  are  caustic 
alkaline  bases,  capable  of  expelling  ammonia  from  its  salts,  and 
behaving  in  a  manner  similar  to  the  corresponding  uniatomic 
compounds  of  tin  and  lead.  The  remaining  mercury-compounds, 
which  may  be  considered  as  derivatives  of  these  two  bodies,  are 
represented  in  the  above  list  by  the  iodides  and  nitrates :  they 
generally  crystallize  very  readily,  and_,  with  the  exception  of  the 
haloid  compounds,  are  soluble  in  water.  When  their  aqueous 
solutions  are  treated  with  zinc,  they  are  decomposed,  the  zinc 
becomes  amalgamated,  and  gaseous  hydrides  of  the  positive 
radicals  are  evolved.     It  is  highly  probable  that  there  are  two 
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stages  in  this  reaction^  organo-zinc  compounds  being  first  formed 
and  then  decomposed  by  contact  with  water ;  thus  w  ith  mercuric 
methiodide — 

2Hg  -[^2^3   +   Zn^  ^    Zn2  \  p^^^   +   2ZnI   +    2Hg 


\    I       -^   ^^^  -    ^"2  -^CH 


3 


Mercuric  methiodide.  Zinc-methyl. 

and  then : 

Zn^  IS^S^      +      SI  O,     =     2  ^2^3^       _^     oZnO 


|CX     ^      Hf^2     =     ^      H 


Zinc-methyl,  Water.  Hydride  of  methyl. 

This  view  of  the  reaction  is  confirmed  bv  the  fact  that  when 
zinc  acts  upon  mercuric  methiodide  at  150°  C,  zinc-methyl  is 
produced.  AVhen  one  of  the  above  iodides  or  the  corresponding 
chloride  or  bromide  is  treated  with  an  organo-zinc  compound,  the 
negative  element  becomes  replaced  by  the  alcohol-radical  of  the 
zinc-compound  ;  thus,  when  mercuric  methiodide  is  treated  with 
zinc-methyl,  mercuric  methide  is  produced.  And  it  is  believed 
that  by  acting  upon  mercuric  ethochloride  with  zinc-methyl, 
mercuric  ethylomethide  is  produced  : 

Mercuric  ethochloride.        Zinc-methyl.       Mercuric  ethylomethide. 

but  this  body  has  not  yet  been  obtained  in  a  state  of  purity ; 
distillation  gradually  resolves  it  into  mercuric  methide  and 
mercui'ic  ethide : 

Mercuric  ethylomethide.       Mercuric  methide.  Mercuric  ethide. 

Antimony  Series.* — This  important  series  of  organo-metallic 
bodies  contains  a  greater  number  and  variety  of  compounds  than 
any  other,  with  the  exception  of  the  arsenic  series.  The  remark- 
able polyatomic  character  of  antimony  and  arsenic  not  only 
renders   the   possible   number   of  their    organo-compounds   very 

*  Lowig,   Ann.   Ch.    Pharm.,   Ixxv,   315,    327;    Landolt,   Ann.   Ch.   Pharm., 
Ixxviii,  91  ;  Buckton,  Chem.  Soc.  Qu.  J.,  xiii,  "ilS;  Hofmann,  ibid,  xi,  316. 
VOL.    XIII.  P 


210 


FRANKLAND,   ON   ORGANO-METALLIC   BODIES. 


large,  but  tlie  variation   in  the   proportions   of  the  positive   and 


ncs^ative    molecules 


gives 


an    extremelv   wide   range    to    their 


chemical  chai'actcr,  extending,  as  it  docs,  from  highly  caustic 
bases  on  the  one  hand  to  powerful  bibasic  acids  on  the  other. 
The  following  are   the   principal    compounds   belonging   to   this 


series : 


Trimethylstibine 


Antimonic  trimethoxide 


Antimonic  trimethochloride 


Iodide  of  tetramethvlstibonium 
or  antimonic  tetramethiodide 


Sb 


^■2^3 


C2H3 
C2H3 
C2H3 
C2H3 


Hydrate  of  tetramethvlstibonium       g  |^ 
or  antimonic  tetramethylhydrate 


Antimonic  trimethosulphate 


Triethvlstibine 


Antimonic  triettoxide 


Sb 


Sb 


Sb 


C2H3 
C2H3 
C2H3 
C0H3 

C2H3 

C2H3 
C2H3 

S  O4    O 

s  o,   ^ 

C4H5 
C4H5 

C.H5 

C4H5 

o 
o 
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Antimouic  triethochloride 


Iodide  of  tetretliylstibonium 
or  antimonic  tetramethiodide 


C.H. 


Iodide  of  methylo-trietliylstibonium  q.i 
or  antimouic  triethometliiodide 


C4H5 

Hydi-ate  of  tetretliylstibonium  ^.,    j  r  H^ 

or  antimonic  tetrethylhydrate  i  r  R^ 

C4H5 

Antimonic  triethosulpbate  Sb  <  C4H5 

S  O^ 
S  O4 

I   p     TT 

Sulphate  of  tetrethylstibonium  <;.i    /  P^H^ 

or  antimonic  tetrethylsulphate  j  p'^jr^ 

Antimonic  trietliantimonite  Sb  /  C^H^ 

I  SbO^ 
VSbO^ 

C4H, 

Antimonic  trietboxiodide  Sb  /  C4H5 

O 
I 

Triamylstibine  Sb  -^  CjoHu 

p  2 


I 


212  FRiNKLANP,    OX    OKGANO-JFETALLTC    TODIES. 

(C,oH„ 

.         .       .  <^.o"u 

Antimonic  tnamvlcnloride  Sb  (  C^oHu 

CI 
CI 

C    II 

CjqHjj 

N  Og 
N  Og 

It  is  remarkable  that  we  have  as  yet  no  decisive  evidence  in 
this  scries,  of  the  existence  of  a  compound  corresponding  to 
cacodyl.  It  is  true  that  such  a  body  has  been  described  under  the 
name  of  stibbiamyl,  but  subsequent  experiments  have  failed  to 
confirm   its    existence.      Amongst    organo-antimonv    compounds, 

therefore,  the  most  simple  form  is  Sb  -<  R  + .     Bodies  of  this  form 

(r+ 

are  the  analogues  of  ammonia,  and  need  not  be  here  described, 

/R  + 

since  their  history,  and  also  that  of  bodies  having  the  form  Sb  n  II  + 

U  + 
iR- 

■will  be  found  in  a  discourse  upon  '^  Ammonia  and  its  Derivatives," 

delivered  to  this  Society,  June  17th,  1858,  by  Dr.  Ilofmann.* 

The  only  bodies,  therefore,  of  this  series  requiring  notice  here 

/R  + 

R  + 
are  those  of  the  form  Sb  S  R  +  ,  and  their  derivatives.     When  the 

R- 
^R- 

two  atoms  of  R—  are  oxygen,  these  compounds  constitute  what 

may  be  termed  biacid  antimony  bases.     They  are  formed  either 

bv  the  direct  union  of  the  stibamines  (  Sb  -<  R-f  )  with  oxygen. 

^       (R+^ 

rR+ 

(R+  |R  + 

Sb-^R+      +     O2     =     Sb  <R  + 

(r+  o 

*  See  vol.  xi,  p.  252,  of  this  Journal. 
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or  by  the  decomposition  of  tlie  corresponding  haloid  compounds 
by  means  of  potash  :  tlius — 

R 
R 

Sb<;R     +     2K0     =     Sb<;R+      +     2KC1 
CI 
CI 

The  stibamines,  althougli  in  other  respects  the  perfect  analogues 
of  the  nitramines,  here  evidently  exhibit  a  much  more  highly 
positive  character,  uniting  with  oxygen  so  energetically  as  to  be 
spontaneously  inflammable  in  the  loAver  portion  of  the  series. 

The  biacid  antimony  bases  are  colourless,  transparent,  amor- 
phous, and  tenacious  bodies ;  the  ethyl  base  is  easily  soluble  in 
water  and  alcohol,  but  somewhat  less  soluble  in  ether.  They 
possess  a  bitter  taste,  are  non-volatile,  and  do  not  suffer  any 
change  when  exposed  to  the  air.  Treated  with  potassium  they 
are  reduced  to  stibamines  : 


R  + 
R-f 
Sb<^.R+      +     2K     =     Sb-<(R+  +     2K0 

O 
O 


I 


Fuming  nitric  acid  decomposes  the  biacid  bases  with  ignition;  but 
when  they  are  treated  with  dilute  nitric  or  other  acid,  the  respec- 
tive biacid  salts  are  produced.  The  oxysalts  are  soluble  in  water 
or  alcohol ;  most  of  them  crystallise  without  much  difficulty,  as  do 
also  the  antimonic  biniodides  ;  but  antimonic  triethobromide  and 
triethochloride  are  liquids  not  volatile  without  decomposition, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether. 

The  existence  of  antimonic  triethoxiodide  has  been  recently 
proved  by  Strecker.  It  had  previously  been  regarded  by  Merck 
as  a  protoiodide  of  stibethine   (Sb(C4H5)3l). 

Arsenic  Series.* — This  series  is  perhaps  the  most  important 
and  interesting  amongst  organo- metallic  bodies ;  it  contains  the 
first  discovered  organo-metal,  cacodyl,  the  classical  investigation  of 

*  Cadet  (1760),  Mem.  de  Math,  et  Phys.  de  Savants  Strang.,  iii,  633;  Th^nard, 
Ann.  Ch.  Hi,  54;  Bunsen,  Ann.  Ch.  Pharm.,  xxiv,  27;  xxvii,  1;  xlii,  U;  xlvi.  1  ; 
Frankland,  Ch.  Soc.  Qu.  J.,  ii,  299  ;  Cahours  et  Riche,  Compt.  rend,,  xxxvi, 
1001;  Landolt,  Ann.  Ch.  Pharm.,  Ixxxix,  301;  Hofmann;  Chem.  Soc.  Qu.  J., 
xi,  316.     Baeyr,  Ann.  Ch.  Pharm.  cvii,  257  i  cv.  265. 
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wliicli  by  Eunsen  not  only  imparts  a  completeness  to  our  know- 
ledge of  tliis  scries,  but  has  afforded  the  clue  to  the  successful 
interpretation  of  many  phenomena  met  with  in  other  analogous 
families.  It  will  be  convenient  to  divide  its  very  numerous 
members  into  three  groups. 

A.  Organo- arsenical  compounds  of  the  type     As  •<  -r» 

B.  Organo-arsenical  compounds  of  the  type     As  k  R 

(R 

R 
R 

C.  Organo-arsenical  compounds  of  the  type      As  *^  R 

R 
R 

All  arsenical  compounds  permit  of  being  arranged  under  these 
three  types.  The  following  are  the  principal  bodies  already 
investigated : 

CR 

A.  Organo-arsenical  Compounds  of  the  Type   As  -j-p 

Cacodyl  As  ^^'^^^ 


C4H5 


Ethylic  cacodyl  As  ■] 

Propylic  cacodyl         As  Jq^^^  ? 
Butylic  cacodyl  As  \q^^^'^ 


R 

B.  Organo-arsenical  Compounds  of  the  Type   As  -^  R 

R 


Oxide  of  cacodyl 


C2H3 


Sulphide  of  cacodyl  As  •<  CoH 


2^^3 


^2^3 


Chloride  of  cacodyl  As  -{  C^B.^ 

CI 
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Chloride  of  cacoplatyl  As  ■{  Cr,?t''ll 

I     CI 
(C2H3 

Arsenious  dioxymetliide        As  -<     O 

(  o 
rc2H3 

Arsenious  disulphomethide   As  k     S 

(    S 

(C2H3 

Arsenious  dichlorometliide    As  <      CI 

(     CI 
(C2H3 

Trimethylarsine  As  -<  C2H3 

(C2H3 

(C,H, 

Arsenious  diethiodide  As  •<  C.H- 

.    l\' 

Triethylarsine  As  •<  C^Hg 

(C,H, 

R 

R 

C.  Organo- arsenical  Compounds  of  the  Type    As  (  R 

R 

.R 

This  group  may  be  conveniently  divided  into  four  families  or 
sub-types,  viz. : 

R  + 
R- 

a.  Bodies  of  the  form  As  <I  R  — ,  and  their  derivatives. 

(R- 
VR- 

.R  + 

R  + 

b.  Bodies  of  the  form  As  ^  R— ,  and  their  derivatives. 

R- 
.R- 

R  + 

R-r 

c.  Bodies  of  the  form  As  {R  +  5  and  their  derivatives. 

R- 
R- 
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R  + 

11  + 

d.  Bodies  of  the  form  As  ^'  R  + 

R4- 
.R- 


a.  Sub-type 


C2H3 
O 

^Monomethylarsemc  acid  As  ^     O 

O 
C2H3 

o 

Monomethvlarseniates  As  (      O 

.MO2 

C2H3 
O 

Arsenic  dioxydichlormethide     As  <J      O 

^      CI 
CI 

C2H3 

CI 

Ai'senic  tetrachlormetliide         As  [      CI 

CI 
CI 


h.  Sub 'type 


C.H3 


I  C2H3 
Cacodylic  Acid  As  /      O 


O 
O 
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C2H3 
C,H3 

Cacodylates  As  ;^      O 

MO, 

C.IIa 
0,113 

Salpliocacodylic  acid  As  ^      S 

V    s 

C2H3 

Sulphocacodylates  As  /      S 

I M  S2 

(C,H3 
I  C2H3 

Tercliloride  of  cacodyl  As  (      CI 

CI 
CI 

C,H3 

Ethyl-cacodylic  acid  As  ^      O 

V    O 

Ethyl-cacodylates  As  |      O 

MOo 


R  + 
RH- 

C  Sub-type  As  <|  R  + 

R  — 
R- 


Arseiiic  trietlioxide  As  \  C^H 


C4H5 


^    o 
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,  C4H5 

Arsenic  trietliosulphate  As  '  C^Hg 

S  O^ 
S  O4 

C4H5 
C4H, 


Arsenic  trietliosulphide  As  /  C4H5 

S 
S 


Arsenic  triethochloride  As 


\ 

(C4H 

C,H 

I  an 


CI 

CI 


d.  Bodies  of  the  form  As  <[  E.  + 


C2H3 

C  H 

Oxide  of  tetramethylarsoninm  *     <J  C^H^ 

or  arsenic  tetramethoxide  j  q^jj^ 

C2H3 
C  H 

Sulphate  of  tetramethylarsonium  a     ^  c^H^ 

or  arsenic  tetramethylsulphate  j  q^h^ 

SO4 

C2H3 
C    T-T 

Iodide  of  tetramethylarsonium  *      !  c^jj^ 

or  arsenic  tetramethiodide  j  C^H^ 


IC2H3 


Oxide  of  dimethyl- diethylarsonium         ^^  )  ^^^^ 
or  arsenic  dimethyl-diethyloxide  j  q'^jj 

I  'o 
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I  O  "FT 

Iodide  of  dimetlivl-diethylarsonium         .     j  p^rr^ 

or  arsenic  dimetliyl-diethyliodide  j  p'*tt^ 


Nitrate  of  dimetliyl-dietliylarsonium       i      '  p^jr^ 
or  arsenic  dimethyl-diethylnitrate  ]  n^u^ 


6 

C4H5 

C  H 
Oxide  of  tetrethylarsoniura  *     <^  C^H^ 

or  arsenic  tetretlioxide  j  n'^j^^ 

'^  *o^ 

Sulphate  of  tetretliylarsonium  »      I  q*j^^ 

or  arsenic  tetrethylsulphate  j  C^H^ 

I  p    TLT 

Chloride  of  tetretliylarsonium  A     '  C*H^ 

or  arsenic  tetrethylchloride  ]  C*H^ 

I  'cf 

On     Wo 

C     H 

The  organo-arsenical  compounds  belonging  to  the  type  As  -<  -p 

contain  only  positive  radicals.  They  are  volatile  poisonous  liquids, 
insoluble  in  water,  but  very  soluble  in  alcohol  and  ether,  and 
possessing  an  insupportable  odour.  The  lower  members  of  the 
family  are  spontaneously  inflammable,  whilst  the  higher  ones 
also  rapidly  oxidise  in  air.  They  unite  with  negative  elements 
with  great  energy,  manifesting  in  their  combinations  either  a 
uniatomic  or  a  teratomic  character,  and  producing  bodies  either 

jll  + 

of  the  form  As-<R+  or  As  sE— .  Thus  cacodyl  forms  with 
chlorine,  chloride  of  cacodyl  and  terchloride  of  cacodyl. 
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As 


fC^2H3 

1C2H3 


+     CI 


(C,H. 

=  As  -^  c^h: 

(   ci 


Cacodyl. 

Chloride  of  cacodyl. 

^^  IS: 

+ 

CI3 

(C2H3 

C2H3 

=     As         CI 

CI 

V     CI 

Cacodyl. 


Terchloride  of  cacodyl. 


^Nlctliylic  cacodyl  boils  at  170°  C,  and  ethylic  cacodyl  between 
185°  and  190°  C' 

Heated  to  400°  C,  cacodyl  splits  up  into  metallic  arsenic, 
hydride  of  methyl,  and  olefiant  gas  : 


Cacodyl. 


Aso      + 


2^2 


3-} 


+        C4H4 


Hydride  of  methyl.      Olefiant  gas. 


Bodies  of  this  type  can  be  regenerated  by  reducing  agents  from 
manv  of  their  uniatomic  compounds;  thus  chloride  of  cacodyl 
and  metallic  zinc  give  cacodyl  and  chloride  of  zinc  : 


As  ^  dill     +     Zn     =     As  I^^Ha     _^     ZnCl 


CI 


C2H3 


Chloride  of  cacodvl. 


Cacodyl. 


R 


Or^^ano-arsenical  compounds  of  the  type  As  -<  R  arc  of  three 

(r 

forms,  Aiz. : 

rR+  (1^-1-  (R  + 

(1)    As^R+  (2)    As-{R+  (3)    As^R- 

(R-r  (R-  (R- 

Those  belonging  to  the  first  are  termed  ar sines,  and  are  the 
analogues  of  ammonia;  but,  like  the  corresponding  antimony 
compounds,  in  addition  to  their  alkaloid  function,  they  have  the 
power  of  combining  with  two  negative  atoms,  forming  bodies  of 

Ik:      ....    4 

the  sub-tvpe  As  <  R  + .    Thus  triethvlarsine  combines  with  oxygen 

R-  ' 


to  form  arsenic  dioxytriethide.     The  lower  members  of  the  type 
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possess  this  property  to  such  an  extent  as  to  render  tlicm  spon- 
taneously imflammable  in  air. 

Compounds  belonging  to  the  second  of  the  above  forms  are 
produced  bv  the  direct  combination  of  the  cacodyls  with  negative 
elements,  the  oxides  are  bases  of  comparatively  feeble  power, 
slowly  combining  with  two  additional  equivalents  of  oxygen,  to 
form  acids.     Thus  oxide  of  cacodyl,  by  exposure  to  air,   slowly 

passes  into  cacodylic  acid : 

1C2H3 
C2H3 
O 
O 
o 


Oxide  of  cacodyl.  Cacodylic  acid. 

The  chlorine,  bromine,  and  iodine  compounds  of  the  form  we 
are  now  considering  are  volatile  neutral  bodies,  Mdiich  may  be 
regarded  as  the  haloid  salts  of  cacodyl.  Heated  in  contact  with 
bichloride  of  platinum,  the  chloride  of  cacodyl  presents  an  inte- 
resting re-action;  two  equivalents  of  hydrogen  in  the  cacodyl 
become  replaced  by  a  biatomic  molecule  of  platinum,  producing 
chloride  of  cacoplatyl. 

As^C2H3     4      PtCl2     =     As-5c2PrH     +     2HC1 
CI  (     CI 


Chloride  of  cacodyl.  Chloride  of  cacoplatyl. 

Cacoplatyl  forms  a  series  of  compounds  analogous  to  those  of 

cacodyl. 

The  only  compounds  of  the  third  form  yet  known  belong  to  the 
methylic  group.  Arsenious  dioxymethide  is  a  crystaUine  body 
of  a  neutral  character,  soluble  in  water,  alcohol,  and  ether,  un- 
changed by  exposure  to  air,  but  transformed  by  distillation  with 
hydrate  of  potash  into  arsenious  acid  and  oxide  of  cacodyl : 

(C.2H3 
2  As  ^  O  =     As  O3     + 


Arsenious  dioxymethide.  Oxide  of  cacodyl. 

Hydrochloric  acid  converts  it  into  arsenious  dichlormethide : 

(C0H3  (C2H3  jj. 

As]    "O       +2HC1     =     Asj      CI      +     g|  O2 

Arsenious  dioxymethide.  Arsenious  dichlormethide. 
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Hydrobromic  and  hydriodic  acids  produce  a  perfectly  analogous 
cliango,  Avliilst  sulphuretted  hydrogen  tranforms  it  into  arsenious 
disidphomethide.  The  chloric  compound  can  also  be  formed,  by 
beatiuff  ai'scnic  trichlormethide  to  50^  C. 


As 


i 


C2II3 

CI      =     As-^     CI       ,      ^2^13? 
CI  (     CI      "^         ^^-> 

CI 


Arsenic  Arsenious  Chloride  of 

trichlormethide.  dichlormelhide.  methyl. 


The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies 

of  considerable  stability;  the  two  former  are  liquid,  the  latter  solid 

and  crystalline.   By  the  action  of  chlorine  or  oxidising  agents,  they 

'R  + 
R  - 

are  transformed  into  bodies  of  the  form  As  ^  R  — 

R  — 
R  - 

Organo-arsenical  compounds  have  been  more  thoroughly  investi- 

R 
R 

gated  in  the  direction  of  the  type  As  {  R  than  in  any  other;  conse- 

R 
R 

quently   we   find   these    bodies    rather   numerously    represented, 

■R   + 

R   + 
especially  under  the  subtype  As  <  R   + .     As  the  latter  bodies, 

R   + 
VR   - 
however,  are  the  strict  analogues  of  the  compounds  of  ammonium, 
their  chemical  relations  will  be  found  fully  described  in  Dr.  Hof- 
mann's  discourse  before  alluded  to, 

rn  + 

Sub-type  As  <  R   —   has  only  yet  been  explored  in  the  methylic 
R   - 

Ir  - 

group.    The  oxygen-compound  constitutes  anhydrous  monomethyl- 
arsenic  acid,  a  direct  derivative  from  arsenious  dioxymethide : 
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'C2H3 


rc,H3  o 

As  -^      O       +2  AgO     =     As  {      O       +     2  A 

(   o  I    o 

o 


or 


Arsenious  dioxymethide.  Monometbylarsenic  acid. 

This  acid  is  bibasic^  forming  stable  and  well  defined  crystallisable 
salts_,  the  formulae  of  which  are  represented  by  the  general  ex- 
pression 


The  chlorine  compound  is  exceedingly  unstable  ;  it  may  however 
be  formed  at  — 10°C.,  but  is  transformed  at  0°C.  into  arsenious 
chloride  and  chloride  of  methyl : 


'C2H3 

CI  (CI  p^.. 

As  ^      CI     =      As  -{ CI     +     ^2£i3  f 
CI  (Cl  ^^  > 

CI 


Arsenic  tetraclilormethide.  Chloride  of  methyl. 

Arsenic  dioxydichlormethide  is   a  somewhat  more  stable  body 
formed  by  the  direct  union  of  chlorine  with  arsenious  dioxymethide. 

{C2H3 
O 
O 
Cl 
Cl 


Arsenious  dioxymethide.  Arsenic  dioxydichlormethide. 

Nevertheless,    even   this   compound    readily   decomposes,   with 
evolution  of  chloride  of  methyl. 

fR   + 

|r  + 

Sub-type  As  <|  R  —     The  oxvgen-compounds  are  feeble  mono- 
R   - 
IR  - 
basic  acids  of  which  cacodylic  acid  may  be  regarded  as  the  repre- 

(R   -f 

sentative.     They  are  derived  from  the  bodies  As  •<  R   -f  by  direct 
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oxidation  as  already  described.  Cacodvlic  acid  Is  remarkable  for 
its  stability;  neither  fuming  nitric  acid  nor  a  mixture  of  sulphuric; 
and  chromic  acids  attack  it,  even  at  the  boiling  point,  and  it  may- 
be heated  to  20Cf  C.  without  alteration.  Although  it  is  soluble  in 
water  and  contains  upward  of  54  per  cent,  of  arsenic,  yet  it  is  not  in 
the  least  poisonous.  Several  agents  reduce  cacodylic  acid  to  the 
arsenious  or  even  to  the  diatomic  form.  Thus  phosphorous  acid 
transforms  it  into  cacodvl : 


+      3P-<!0=:      2  As   l^^jla      +      3  pQ^ 

^       ^        *j 


2  As 

c,H3 

^      0 

0 

(      0 

Caoody 

lie  acid. 

Cacodyl. 

Zinc  also  produces  the  same  result.  Hydriodic  acid  gas  con- 
verts cacodvlic  acid  into  arsenious  dimethiodide  : 

O       +     3  HI     =     As  -^  C2H3     +     I2     +     3  HO 

O  (     I 

O 

The  acid  character  of  this  body  is  so  slightly  marked  as  to 
render  it  capable  of  forming  compounds  in  which  it  appears  to  play 
the  part  of  a  base.  Thus  with  hydrofluoric,  hydrochloric  and 
hydrobromic  acids,  it  forms  the  follo^ving  compounds  : 

/^C2H3 
C2H3 

Hvdrofluate  of  cacodvlic  acidj       As  '  H  O2 

V     P 
/C2H3 

Hydrochlorate  of  cacodylic  acid   As  /  H  Oo 


Hydrobromate  of  cacodylic  acid  As 
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The    hydrohromatc   reacts   perfectly    neutral.     The  cacoHylates 
have  the  formula : 


CJI3 


As 


2 


f  Sulphocacodylic  acid  has  not  yet  been  isolated,  but  its  salts  pre- 
sent the  same  relations  to  those  of  cacodvlic  acid,  as  salts  of 
sulphur-acids  generally  bear  to  those  of  oxyacids.    Their  formula  is 

'CJI3 

As  ^      S" 
S 

|r  + 

Siih-type  As  '  R   +   has  hitherto  been  very   little   explored,  so 
R  - 
R  — 

far  as  it  is  known,  but  its  members  bear  so  close  a  resemblance 
to  their  analogues  in  the  antimony-series,  as  to  require  no  further 
notice. 

Tellurium  series."^  The  close  relations  of  tellurium  to  sulphur 
and  selenium  place  the  bodies  of  this  series  in  the  same  position 
with  regard  to  the  sulphides  and  selenides  of  the  alcohol-radicals 
as  the  antimony  and  arsenic  series  stand  in  relation  to  the  corre- 
sponding  compounds  of  phosphorus  and  nitrogen. 

The  following  bodies  belonging  to  this  series  are  known  : 

(C  H 

Tellurium  methyl  Te^  ir/'^xj'^ 

C2H3 

C  H 

Tellurous  dimethoxide  Tco -<(     ^q^ 

O 

C2H3 

C  II 

Tellurous  methoxychloride  1'^2*^    ^O"^ 

CI 

*  Wohler,  Ann.  Ch.  Pharm.,  xxxv,  112,  Ixxxiv,  69 ;  Mallet,  Ann.  Ch.  Pharm., 
Ixxix,  223  ;  Wohler  and  Dean,  Ann.  Ch.  Pharm.,  xciii,  233. 

VOL.    XIII.  Q 
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Tcllurous  dimetliiodiclc  ^^q'i     ^t  ^ 


Telluriuni-ethvl  To.  \n*Yi^ 

Telliirous  diethoxide  Te2  •<  ^^^q^ 

O 

Telliirous  diethosulpliide  Te^*^^    '^^  ^ 


Acid  tellurous  diethosulphate  Te2-<s  ttq^ 

SO4 


Tellurous  diethochloride  Te^  <     ^p,^ 

1 


(C4H 


C4H5 


Tellurous  dicthoxychloride  Tcr  -^  ^*    •'' 


C,H, 

2  1      CI 

o 


Tellurous  diethiodide  Teo  •<:  ^^^P^ 


0      I 


Tellurium-arayl  Te2  -jp^^S^^? 

The  compounds  of  the  alcohol-radicals  with  tellurium  are  vola- 
tile liquids  of  most  unbearable  odour.  They  oxidise  readily  in 
contact  with  air,  forming  the  respective  oxides.  Telluriura-amyl 
has  not  yet  been  obtained  in  a  state  of  purity. 

The  oxides  of  these  bodies  are  powerful  bases,  expelling  ammouia 
from  its  salts,  and  attracting  carbonic  acid  from  the  air.  They 
form  salts  of  considerable  stability,  which,  as  well  as  the  oxides 
themselves,  yield  the  original  organo-tellurium  compounds  when 
treated  with  sulphurous  acid  : 
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(C4H5 

TeJ%'^     +    SA    =To,  ]g^[|^   +   SA 
(      0 


Tellurous  diethoxide.  Tellurium  ethyL 

Constitution,  and  Theoretical  Importance  of  Organo-metallic  Bodies. 

In  the  year  1852*,  at  a  time  when  comparatively  little  progress 
had  been  made  in  the  investigation  of  organo-metallic  bodies, 
I  ventured  to  propose  a  view  of  their  constitution  whicli  further 
research  has  completely  confirmed.  According  to  this  view,  the 
organo-metallic  bodies  are  constructed  upon  the  types  of  the 
inorganic  chlorides,  sulphides,  oxides,  &c.,  of  the  respective  metals 
which  they  contain,  the  chlorine,  oxygen,  sulphur,  &c.,  being 
replaced  in  equivalent  proportion  and  step  by  step  by  the  alcohol- 
radicals. 

A  reference  to  the  formulae  of  organo-potassium,  sodium, 
magnesium,  zinc,  and  cadmium  compounds  given  above,  shows 
that  they  are  all  formed  upon  the  models  of  the  protochlorides  of 
these  metals ;  the  general  type  being 

^^2  |ci 

In  like  manner  organo-aluminium  compounds  are  formed  upon 
the  type  of  the  sesqui chloride  of  that  metal : 

(Cl 

AL  i  Cl 

(Cl 

Organo-tin   compounds  are  represented   by  the  three  chlorides 

of  tin  : 

Cl 
Cl  r.        \)^\  o         ICl 


Si 

Cl 

The  compounds   of  the  bismuth-series   are  represented  by  the 
terchloride  of  bismuth  and  by  bismuthic  acid  : 

Cl  o 

Bi  ^  Cl  Bi     O 

Cl  10 

O 


*  Phil.  Trans,  for  1852,  p.  438. 


Q  2 
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Orgauo-lead    compounds    are    arrani!;:^^!     mulcr    the    types    of 
sesquioxidc  and  peroxide  of  lead  : 

p..|8  P„.jg 

The    mercury-series   are    all    moulded    upon    the   type    of  the 
bichloride  : 

TT     JCl 

"-  jci 

The  arscjiic  and  antimony  series  have  for  their  types  the  following 
inorganic  compounds  : 

jO  I  CI 

CI  |o  (CI  I  CI 


1^        ,      As -I  CI      ,      As>,0     ,    SbJcl      ,       Sb     CI 
<^  (CI  p  (CI  CI 


As 

<^  (CI  ( 

O  'CI 


The   inorganic  models  for  the  tellurium  series  are  chloride  of 
tellurium  and  tellurous  acid  : 

1^1  Tp  )0 


Tc.  -I  ^t  Te.^ 

O 


2  JCI  ""2 -JO 


Occasionally  an  abnormal  compound  has  made  its  appear- 
ance, such  as  ethostibilic  acid  (Sb  (C4  H^)  O5)  or  iodide  of 
triethylstibine  (Sb  (C^  1^5)3  J);  but  further  research  has  invariably 
demonstrated  the  incorrectness  of  such  formulae  and  the  conformity 
of  the  bodies  with  the  normal  inorganic  types.  Indeed  this  law 
may  now  be  regarded  as  sufficiently  established  to  be  applicable 
to  the  control  of  the  formulae  of  new  organo-metallic  bodies. 

(Brom  the  point  of  view  thus  aflforded,  it  is  interesting  to  watch 
the  effect  of  the  substitution  in  metallic  compounds,  of  basjdous 
or  positive  for  chlorous  or  negative  radicals.  Such  a  substitution 
affords  striking  evidence  of  the  dependence  of  the  chemical  character 
of  a  compound  upon  that  of  each  individual  constituent.  The 
highly  polyatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this 
dependence  in  the  most  conclusive  manner.  Thus  tribasic  arsenic 
acid,  by  the  substitution  of  an  equivalent  of  methyl  for  oxygen, 
yields  the  bibasic  monomethyl-arsenic  acid,  a  well  defined  acid  of 
considerable  energy,  though  inferior  in  chlorous  power  to  arsenic 
acid.     The  like  substitution  of  a  second  equivalent   of  methyl  for 
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oxygen,  reduces  the  chlorous  character  of  the  body  to  the  com- 
paratively feeble  condition  in  which  we  find  it  in  cacodylic  acid, 
which  is  incapable  of  forming  an  ammonia-salt.  A  similar  substi- 
tution for  the  third  time,  overpowers  the  acid  attribute  of  the 
compound  altogether,  and  we  now  have  a  feeble  biacid  base,  tlie 
arsenic  dioxymethide,  which  again,  by  the  exchange  of  a  fourth 
atom  of  oxygen  for  methyl,  is  transformed  into  the  oxide  of  tetra- 
methylarsonium,  a  base  of  such  energy,  as  to  be  comparable  with 
the  caustic  alkalies  themselves. 

The  behaviour  of  the  organo-metallic  bodies  teaches  a  doctrine 
which  affects  chemical  compounds  in  general,   and  which  may  be 
called  the  doctrine  of  atomic  saturation  ;  each  element  is  capable  of 
combining  with  a  certain  limited  number  of  atoms  ;  and  this  number 
can  never  be  exceeded,  although   tlie  energy  of  its  affinities  may 
have  been  increased  by  combination  up  to  this  point.     Thus  zinc  \ 
appears  to  attain  its  atomic  saturation  by  uniting  with  only  one  atom  : 
of  another  body  ;  in  other  words,  it  is  uniatomic,  consequently  the  j 
zinc  compounds  of  the  alcohol-radicals,  notwithstanding  their  intense  \ 
affinities,  are  incapable  of  direct  union  with   other  bodies.     The 
action  of  chlorous  elements  upon  them  is  apparently  one  of  substi- 
tution not  of  combination.      Polyatomic  metals   exhibit  the  same 
phenomenon.     A  double  atom  of  tin  cannot  combine  with  more 
than  four  atoms  ;  a  single  atom  of  arsenic  or  antimony  with  more 
than  five  atoms  of  other  bodies  ;  but  in  the  combinations  of  poly-  \ 
atomic  metals,  we  frequently  notice  from  the  lowest  to  the  highest  / 
compound  one  or  more  intermediate  points   of  exalted   stability  ; 
thus    antimony  has  a  teratomic  stage   of  comparative   stability  ; 
nitrogen,  phosphorus,  and  arsenic,  whilst  exhibiting  a  similar  ter- 
atomic stage,  have  also  a  biatomic  one,  though  of  greatly  inferior 
stability;    whilst   the   existence  of  protoxide  of  nitrogen  renders 
it  more  than  probable  that  nitrogen  has  a  third  and   uniatomic 
stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation, 
and  in  which  all  the  atoms  united  with  the  polyatomic  element  are 
of  the  same  kind,  tlie  stage  of  maximum  stability  is  very  rarely 
that  of  saturation.  Thus  in  nitrogen,  arsenic,  and  bismuth  com- 
pounds of  the  kind  just  mentioned,  the  stage  of  maximum  stability 
is  decidedly  the  teratomic  one  ;  in  antiraonial  compounds  of  a 
similar  nature  the  teratomic  is  also,  though  less  decidedly,  the 
stage  of  maximum  stability,  whilst  in  phosphorous  compounds  the 
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points  of  maximum  stability  and  of  saturation  generally  coincide. 
AVhcn,  however,  the  atoms  united  with  the  polyatomic  element 
are  not  of  the  same  kind,  then  the  stage  of  maximum  stability 
usually  coincides  with  that  of  saturation.  Thus  the  binoxide  or 
bichloride  of  trietlivlarsinc  or  trictlivlstibine  are  more  stable  than 
tricthvlarsinc,  or  triethylstibine  themselves ;  but  this  pcntatomic 
stability  reaches  its  climax  in  arsonium,  stibonium,  and  phos- 
phonium  compounds,  as  it  does  also  in  the  corresponding  com- 
pounds of  nitrogen,  although  the  latter  element  exhibits  a  much 
stronger  tendency  towards  universal  teratomic  stability  than  its 
chemical  associates. 

Tn  polyatomic  organo-metallic  bodies,  it  is  remarkable  that, 
with  few  exceptions,  the  positive  hydrocarbons  hold  their  position 
much  more  tenaciously  than  the  associated  negative  constituents ; 
and  we  thus  frequently  find  the  former  accompanying  the  metal 
through  a  vast  number  of  compounds.  Hence  the  group  formed  by 
the  metal  and  positive  hydrocarbons  has  come  to  be  regarded  as 
a  compound  radical.  Thus  cacodyl  is  conceived  to  be  the  radical  of 
the  whole  series  of  cacodyl  compounds.  But  however  great  may  be 
the  convenience  of  this  mode  of  viewing  organo-metallic  com- 
pounds, and  the  same  mode  has  notoriously  been  extended  to  nearly 
all  organic  bodies,  it  must  not  be  forgotten  that  it  is  a  purely 
artificial  distinction,  which  has  no  real  existence,  either  in  the  case 
of  organo-metallic  bodies,  or,  as  I  shall  endeavour  to  show,  in  that 
of  organic  bodies  in  general. 

A  close  examination  of  the  habits  of  the  so-called  organo- 
metallic  radicals  shows  clearly,  that  their  atomic  power  depends 
upon  their  position  with  regard  to  the  stages  of  stability  and 
maximum  saturation  :  thus  they  are  uniatomic  when  the  number  of 
positive  groups  is  one  less  than  that  required  to  reach  either  the 
maximum  saturation  of  the  metal,  or  a  lower  stage  of  stability. 
Cacodvl  and  tetramethvl-afsonium,  for  instance,  are  uniatomic 
radicals,  because  they  are  respectively  one  atom  short  of  the  stage 
of  stability,  and  of  maximum  saturation  : 


Uniatomic  stage.  Stage  of  stability. 

C,] 

2"3  id 


AsjC^Js  As-lcl: 


Cacodyl.  Chloride  of 

cacodyl. 
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Uniatomic  stasre.  Stage  of  maximum  saturation. 


As 


C,H3 
C,H3 


Tetramethylarsonium.  Chloride  of 

tetramethylarsoni  um. 

It  is  ob^dous  that  a  compound  radical,  the  number  of  whose 
positive  atoms  is  below  that  of  a  stage  of  stability,  can  have  a 
double  atomic  character.  Thus  cacodyl  is  sometimes  uniatomic,  as 
in  oxide  of  cacodvl  ;  and  sometimes  teratomic,  as  in  cacodvlic  acid. 
Again  arsenio-monomethyl  (ASC2H3)  is  biatomic  in  arsenious 
dioxymethide  : 

(C.H3 

(    o 

and  quadratomic  in  monomcthylarsenic  acid  : 

/C,H3 
I      O 

As  ^      O 

(      ^ 
^      O 

If  these  views  of  the  constitution  and  character  of  organo- 
metallic  bodies  and  their  compounds  be  correct,  their  application 
to  the  organic  compounds  of  carbon  becomes  inevitable.  Regarded 
from  this  point  of  view,  the  double  atom  of  carbon,  like  that  of  tin, 
is  quadratomic  in  perchloride  of  carbon  and  carbonic  acid  : 

CI  (O 


^2*^  CI  2jO 

CI  (o 


Perchloride  of  carbon.  Carbonic  acid. 


and  biatomic  in  protochloride  of  carbon  and  carbonic  oxide : 

P    jCl  P     (O 

^2  -[ci  ^2  ^o 


Protochloride  of  carbon.  Carbonic  oxide. 

In  other  words,  the  quadratomic  stage  in  carbon-compounds  is 
the  stage  of  maximum  saturation,  whilst  the  biatomic  stage  is  one 
of  exalted  stability.     If  we  substitute  an  atom  of  chlorine  in  per- . 
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chloride  of  carbou  by  ouc  of  ethyl,  ^\e  produce  a  body  having  the 
formula  of  trichlorhvdrin  : 

^2]     CI 
(    CI 

If  now  a  second  atom  of  chlorine  be  substituted  by  one  of 
hydrogen,  we  have  a  body  exhibiting  the  composition  of  bichloride 
of  propylene : 

_-,.  (<■•«. 

(       ^'l 

This  view  of  the  constitution  of  bichloride  of  propylene  renders 
its  relations  to  allyl  and  glycerin  compounds  at  once  simple  and 
intelligible. 

The  substitution  of  a  third  atom  of  hydrogen  gives  the  formula 
of  cliloride  of  propyl : 

^2*)      H 
I     CI 

whilst  the  substitution  of  the  last  atom  of  chlorine  by  hydrogen 
yields  hydride  of  propyl,  and  its  replacement  by  ethyl  yields  the 
so-called  double  radical  ethylpropyl.  It  still  remains  for  experiment 
to  produce  these  bodies  from  perchloride  of  carbon,  and  to  show 
that  they  are  identical  with  the  known  compounds  possessing  the 
same  percentage  composition.*  If,  however,  we  turn  to  the 
oxygen-compounds  of  carbon,  we  are  not  entirely  without  experi- 
mental evidence  of  the  correctness  of  this  view ;  since  one  atom 
of  oxygen  in  carbonic  acid  has  been  replaced  by  ethyl,  with  pro- 
duction of  the  body  theoretically  indicated,  namely  propionic  acid: 

^n    o 
C   o 

Could  a  second  atom  of  oxygen  be  substituted  by  hydrogen^  we 

ought  to  produce  propionic  aldehyde  : 

C4H5 
H 

O 
O 

*  Such  experiments  are  in  progress,  but  are  not  sufficiently  advanced  to  be  here  quoted. 
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The  replacement  of  a  third  atom  of  oxygen  by  hydrogen  would 
then  yield  propylic  ether : 

II 
H 
O 

whilst  the  replacement  of  the  last  atom  of  oxygen  by  hydrogen 
should  give  rise  to  hydride  of  propyl,  and  by  uniatomic  peroxide  of 
hydrogen,  to  propylic  alcohol : 

H  P  J      H 

H  ^2i      H 

H  f      HO. 


Hydride  of  propyl.  Propylic  alcohol. 

The  glycols,  are  also  constructed  upon  the  carbonic  acid  type  : 

H 

H( 

HO. 


^'^'^      HO, 


Glycol. 

and  to  the  same  type  belongs  also  the  teracid  alcohol,  glycerin. 

C4H5 
HO2 
HO2 
HO2 

Under  the    influence   of  iodide  of  phosphorus,  glycerin  yields 
iodide  of  allyl ; 

Co-<!      SS^  +   P-<I    =     Co  l^*?5    +     piH02     +     I2 


HO^-  (I  '  ^     '  I  HO2 

^^2  ^  IHO2 


Glycerin.  Iodide  of  allyl.         Phosphoric  acid. 

Here  we  have  a  reduction  from  the  carbonic  acid  to  the  car- 
bonic oxide  type,  of  precisely  the  same  nature  as  that  which 
occurs  when  cacodylic  acid  is  reduced  to  oxide  of  cacodyl.  Allylic 
compounds  are  therefore  constructed  upon  the  carbonic  oxide 
type. 


234  FKANKLAND,    ON    ORGANO-METALLIC    BODIES. 


Carbonic  oxide.  Iodide  of  allyl.  Allylic  alcohol. 

It  would  be  easy  greatly  to  extend  this  view  of  the  constitution 
of  organic  carbon  compounds;  but  the  above  examples  are  sufficient 
to  indicate  its  general  application  somewhat  more  fully  than  I  have 
previously  done,*  and  more  than  this  is  not  desirable  until  the 
hypothesis  has  been  further  supported  by  experimental  results. 

In  conclusion,  it  is  evident  that  this  is  only  one  mode  of  applying 
to  organic  compounds  the  law  of  chemical  combination  which  I 
have  endeavoured  to  deduce  from  the  constitution  and  behaviour 
of  organo-metallic  bodies.  Its  application  ought  to  be,  and  will  be 
found  to  be,  equally  truthful  in  referring  organic  compounds 
containing  hydrogen,  oxygen,  or  nitrogen,  to  the  inorganic  typical 
compounds  of  each  of  these  elements.  Thus,  for  example,  we  can 
represent  alcohol : 

1st,  as  derived  from  carbonic  acid  : 

(-C,H, 

C  ■)     "" 
^2  1      u 

(     HO, 


2nd,  as  derived  from  teroxide  of  hydrogen  : 


C2H5 


o 
o 


3rd,  as  derived  from  water 


C2H3 


In  like  manner,  nitrogen  compounds  and  their  analogues,  whilst 
derived   from  typical   inorganic  compounds  of  nitrogen,  are  also 

♦  Ann.  Ch.  Pharm.,  ci,  260;  Proc.  of  Royal  Inst,  of  Great  Britain  for  1858.  It 
ia  highly  remarkable  that  more  than  thirteen  years  ago,  when  Kuch  analogies  were 
of  the  most  obscure  kind,  the  quick  perception  of  Liebig  led  him  to  point  out 
analogouH  relations  between  carbonic  acid,  alcohol,  formic  acid,  and  marsh  gas.  See 
Ann.  Ch.  Pharm.,  Iviii,  335.) 
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true  derivatives  from  the   carbou  types.     Thus  tiimethyhiiiiiue  is 
correetly  written  as  a  derivative  from  earbouie  aeid  : 


C2  r  H 


111 


Eaeh  of  these  modes  of  notation  is  equally  eorrect ;  but 
I  conceive  that  a  large  number  of  those  organic  bodies,  which 
are  usually  formulated  in  accordance  with  the  hydrogen,  water,  and 
hydrochloric  acid  models,  would  be  much  more  usefully  expressed 
upon  the  carbonic  acid  and  carbonic  oxide  types.  The  formulation 
of  organic  compouuds  is  not  a  matter  of  indifference,  even  to  the 
chemical  investigator;  and  hence  every  mode  of  expression  founded 
upon  broad  chemical  relations  ought  to  have  the  preference  over 
more  pm'cly  artiticial  methods. 


XX.— On  Acetoxybenzamic  Acid,  an  Isomer  of  H'lppunc  Acid. 

By  G.  C.  Foster. 

If  we  regard  hippurie  acid  as  benzoyl-glycoeol,  or  glycocol  in 
which  an  atom  of  hydrogen  is  replaced  by  benzoyl,  it  seems  natural 
to  expect  that  an  acid  isomeric  with,  and  analogous  to,  hippurie 
acid,  might  be  obtained  by  replacing  an  atom  of  hydrogen  in 
oxybenzamic  acid  (syn.  benzamie  acid,  amidobenzoic  acid)  by 
acetyh  From  the  results  recorded  in  this  paper,  it  appears  that 
such  is  the  case. 

When  oxybenzamic  acid  is  heated  in  a  sealed  tube  with  about 
half  its  weight  (rather  more  than  one  equivalent)  of  monohydrated 
acetic  acid,  the  whole  mass  becomes  quite  fluid  at  about  130°  or 
HOT.  but  solidifies  almost  entirely  at  about  160^,  all  that  remains 
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liquid  beinp:  the  portion  of  acetic  acid  used  in  excess.  The  reac- 
tion wliich  takes  place  is  the  following : — 

C.H7NO,   +   C,H,02  =   Cyll.NO,   +   II2O.* 

Oxvbcnzainic  Acetic  Acetoxybenzamie 

acid.  acid.  acid. 

Using  at  a  time  from  15  to  20  grammes  of  oxybenzamic  acid,  I 
found  that  the  reaction  wa3  quite  complete  after  an  hour's  heating 
to  160°,  esi)ecially  if  advantage  had  been  taken  of  the  period  of 
complete  liquefaction  to  mix  the  materials  thoroughly. 

The  same  product  is  also  formed  by  the  reaction  of  chloride  of 
acetyl  on  oxvbenzamate  of  zinct  cit  100^ : 

C7H6ZnX02   +   C.2II3OCI   =   CyHgNOg   +   ZnCl. 

Oxybenzamate  of         Chloride  of        Acetoxybenzamic 
zIdc.  acetyl.  acid. 

On  mixing  chloride  of  acetyl  with  oxybenzamate  of  zinc,  sufficient 
heat  is  given  off  to  volatilize  a  considerable  part  of  the  chloride  of 
acetyl,  if  care  be  not  taken  to  condense  it,  and  the  whole  quickly 
solidifies  to  a  hard  mass  (probably  a  combination  of  the  two  sub- 
stances, analogous  to  the  combination  of  hydi'ochloric  acid  with 
oxybenzamic  acid),  which,  in  a  sealed  tube  at  100°,  melts,  and 
then  again  gradually  solidifies  ;  complete  solidification  indicates 
the  end  of  the  reaction. 

Oxybenzamate  of  zinc  heated  with  two  equivalents  of  acetic 
acid,  or  a  mixture  of  equivalent  quantities  of  hydrochlorate  of 
oxvbenzamic  acid  and  acetate  of  calcium  with  a  little  acetic  acid, 
yields  the  same  product;  but  neither  of  these  processes  is  advanta- 
geous, on  account  of  the  high  temperature  required,  and  the 
difficulty  of  thoroughly  mixing  the  materials. 

♦  C  =  12,  0  =  16. 

t  Oxybenzamate  of  zinc  is  easily  obtained  by  mixing  solutions  of  chloride  of  zinc 
and  oxybenzamate  of  calcium.  It  separates  as  a  granular  precipitate  which  is  very 
easily  washed  on  a  filter.     It  is  nearly  insoluble  in  water,  but  soluble  in  acetic  acid. 

•3624  grm.,  dried  at  100°,  was  boiled  with  carbonate  of  sodium  till  completely 
decomposed:  the  resulting  carbonate  of  zinc  yielded  on  ignition  -0921  grm. 
oxide  of  zinc. 

Calculated.  Found. 

Zinc  per  cent 2116  20'42 

I  have  found  the  formation  of  this  salt  to  be  a  convenient  method  of  separating 
oxybenzamic  acid  from  impure  solutions. 
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The  substance  yielded  by  tliese  reactions  is  easily  purified.  It 
is  sufficient  to  dissolve  it  in  an  alkali,  to  precipitate  the  solution 
by  hydrochloric  acid,  and  to  crystallize  the  precipitate  two  or 
three  times  from  boiling  water  or  alcohol.  Any  colouring  matter 
which  still  adheres  to  the  product  thus  obtained  may  be  completely 
removed  by  animal  charcoal. 

I  have  named  the  new  substance  ace^oxyhenzamic  acid. 

Dried  over  sulphuric  acid,  it  docs  not  lose  weight  at  100°. 

'3788  grm.,  prepared  from  acetic  and  oxybenzamic  acids,  gave 
•8382  grm.  carbonic  acid,  and  '1766  grm.  water. 

•2913  grm.,  prepared  from  chloride  of  acetyl  and  oxybenzamate 
of  zinc,  gave  '6396  grm.  carbonic  acid,  and  "139  grm. 
water. 

•4363  grm.  of  another  similar  preparation  gave  '9677  grm.  car- 
bonic acid,  and  '1987  grm.  water. 

•4302  grm.  of  the  same  product,  heated  with  soda-lime,  gave  a 
platinum -salt  containing  ^2375  grm.  platinum.* 

•444-2  grm.  of  the  same  product  gave  29*2  cc.  nitrogen  at  0°  and 
760  mm.  pressure. 


Calculated. 

Founc 

1. 

y 

Mean. 

c. 

108 

60  33 

60-36 

59-88 

60-49 

60-24 

Hg 

9 

5-03 

5-18 

5-23 

5-06 

— 

5-16 

N 

14 

7-82 

7-80 

8-25 

8-02 

O3 

48 
179 

26-82 

26-64 

C9H9NO3 

100-00 

100-00 

Acetoxybenzamic  acid  is  obtained  as  a  white  powder,  which, 
under  the  microscope,  is  seen  to  be  formed  of  needle-shaped 
crystals.  It  is  almost  insoluble  in  cold  water  and  in  ether,  and  is 
only  moderately  soluble  in  boiling  water  or  in  cold  alcohol  \  in  boiling 
alcohol  it  dissolves  easily.  It  has  a  slightly  bitter  taste,  a  good 
deal  resembling  that  of  nitre.  Like  its  isomer  hippuric  acid,  it 
dissolves  readily  in  a  solution  of  common  phosphate  of  sodium, 
giving  an  acid  reaction  to  the  liquid,  but  is  reprecipitated  by 
acetic  or  a  mineral  acid.  It  is  soluble  in  strong  sulphuric  acid 
without  colouration  in  the  cold,  and  also  in  glacial  acetic  acid ;  these 
solutions  are  precipitated  by  dilution  with  water.     A  mixture  of 

*  In  the  decomposition  of  acetoxybenzamic  acid  by  soda-lime  very  little  ammonia 
is  formed ;  nearly  the  whole  of  the  nitrogen  is  given  off  as  aniline. 
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acctoxvhonEaniic  ncid  witli  sufrioiiMit  stroiii;  livdrocliloric  or  nitric 
•cid  to  make  it  How  easily  heroines  nearly  solid  on  stjindinjr  for  a 
few  minutes,  hut  it  was  found  that  a  mixture  of  hydrochlorie  acid 
aiid  aeetoxvhenzafnie  acid  loses  all  its  hydrochloric  acid  when 
dricti  under  a  hell-jar  oyer  lime  and  sulphuric  acid. 

At  ahout  200"  aeetoxyl>en7.amie  acid  suhlimca  somewhat  rapidly  ; 
it  melts  hetwccn  220°  and  230",  and  enters  into  chuUition  at  ahout 
260^,  apparently  underjjoing  decomposition  at  the  same  time.  It 
may  Ik?  hoiled  for  a  lonij  time  witli  water,  and  eyen  with  dilute 
acids,  without  nndcr^oinj?  perccptihlc  change ;  hut  when  heated 
in  a  sealed  tuhe  with  hydrochloric  or  dilute  sulj)huric  acid  to 
about  1  to**  it  is  decomposed  into  oxyhcnzamic  and  acetic  acids,  just 
tis  hi]>pnric  acid  is  decomposed  under  similar  circumstances  into 
plycocol  and  benzoic  acid.  A  quantity  of  hydrochlorate  of  oxy- 
bcnzamic  acid  thus  obtained,  guyc  the  following  results  on 
analysis  :  — 

"3707  grm.,  burned   with  chromntc  of  lead,  gayc  '077  grm.  car- 
bonic acid,  and    1710  gi'm.  water. 
•4399  grm.  gayc  "302  1^  grin,  chloride  of  siher. 


Calculated. 

Found 

Carbon 

.       .       IS- 12 

4901 

Hydrogen 

1-Cl 

507 

Chlorine  . 

.      .     20-46 

20-39 

Another  quantity  of  acetoxybenzamic  acid  was  decomposed  by 
dilute  Rulphuric  acid  of  10  per  cent.  When  the  dccomj)osition 
was  complete,  the  contents  of  the  tube  were  transferred  to  a  retort 
and  distilled.  The  distillate  was  saturated  with  carbonate  of 
barium,  filtered,  and  eyaporatcd.  The  barium -salt  so  obtained 
proved  to  be  acetate  of  barium. 

•8039  grm.,  dried  at  120^,  gayc  -7315  grm.  sulpliatc  of  barium. 


Calculated. 

Found. 

C^H.HuO^ 

.     53-73 

53-72 

Barium  per  cent. 

The  residue  in  the  retort  deposited,  on  cooling,  crjstaJh  of 
sulphate  of  oxyVjenzamic  acid. 

AcftoxybenzAmic  acid  is  similarly  decomposed  by  an  alcoholic 
solution  of  hydrochloric  acid,  but  oxybenzamate  and  acetate  of 
ethyl  are  formed  at  the  same  time  as  the  corresponding  acids.    The 
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dcconi[)ositi()n  takes  place  slowly  in  the  cold,  but  (luickly  at  100°. 
On  (listilliiiir  the  product  of  the  reaction  in  a  water-hath,  a  lii^ht 
ethereal  licpiid.possessinfr  the  smell  and  ji^cneral  properties  ot  acetate 
of  ethyl,  passed  over  with  the  excess  of  alcohol,  and  was  separated 
from  it  1)V  the  addition  of  water.  The  residue  in  the  retort 
crystallized  on  cooling  in  radiating  needles.  'VUv  crystals,  which 
were  vcrv  soluble  in  water  and  alcohol,  but  slightly  soluble  in 
ether,  were  rccrystallized  from  water,  washed  witli  etlier,  and  dried 
over  sulphuric  acid. 

■  171^  grm.  «;ave  '3501  f:cJ'"i-  chloride  of  silver. 
•392  grm.  *rave  '21)21  grni.  chloride  of  silver. 
•5091    grm.,  burned  with  chromatc  of  lead,   f]^ave  *9G42  grm. 
carbonic  acid,  and  '2G38  grm.  water. 

These  results  correspond  to  a  mixture  of  the  hydrochlorates  of 
oxybenzamic  acid  and  oxybenzamate  of  ethyl. 


Hydroohloratc  of 

Found. 

Hy 

[Irochlorate  of 

oxyl^enzumic  acid. 

oxybenzamate  of  ethyl. 

Carbon 

.     .      18-42 

51*05 

53-00 

Ilvdroj^-en 

.     .       4-61 

.     ,     20-01 

5-70 

5-9G 

Chlorine  . 

18-24          18- 

^ 

17-62 

What  was  left  of  the  crystals,  after  making  the  above  analyses, 
was  dissolved  in  water,  a  slight  excess  of  milk  of  lime  added,  and 
the  whole  shaken  uj)  with  ether.  The  ether  left,  on  evaporation, 
an  oily  licpiid,  ai)par(ntly  oxybenzamate  of  ethyl,  w  Inch  was  nearly 
insoluble  in  water,  but  soluble  in  hydrochloric  acid,  giving  a 
chloride  insoluble  in  ether  and  condjininji:  readily  with  bichloride 
of  platinum.  The  quantity  of  the  platinum  salt  obtained  was  not 
sutficient  for  a  determination  of  the  percentage  of  platinum.  The 
aqueous  liquid,  from  which  the  ether  had  been  poured  off,  was 
filtered,  and  the  excess  of  lime  separated  by  carbonic  acid.  After 
being  somewhat  concentrated  by  evaporation,  it  gave  with  chloride 
of  zinc  a  precipitate  resembling  oxybenzamate  of  zinc. 

Attempts  were  made  to  obtain  acetoxybcnzoic  acid,  CgHgO^, 
isomeric  with  benzoglycollic  acid,  by  the  action  of  nitric  oxide  on 
a  mixture  of  nitric  acid  and  acctoxybenzamic  acid,  and  also  by  the 
action  of  nitrous  acid  on  a  boiling  aqueous  solution  of  acctoxyben- 
zamic acid,  but  in  both  cases  the  only  product  was  a  nitro-substi- 
tution  compound. 

Acetoxybenzamate  of  potassium   was   prepared  by   digesting    a 
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solution  of  the  acid  in  strong  alcohol  with  diy  carbonate  of  potas- 
sium. It  is  exceedingly  soluble  in  water,  and  dissolves  easily  in 
alcohol,  but  is  precipitated  from  this  solution  by  ether.  From  a 
solution  in  alcohol  containing  more  than  about  10  per  cent,  of 
water,it  is  precipitated  by  ether  in  the  form  of  a  strong  aqueous 
solution  which  solidities  only  after  standing  for  a  considerable  time. 
Acetojrybenzamate  of  sodium,  CgU^^iiSO^  H-  071120. — This  salt 
was  prepared  in  the  same  way  as  the  potassium  salt.  It  is  very 
soluble  in  water  and  easily  soluble  in  alcohol,  but  can  be  obtained 
crystallized  somewhat  more  easily  than  the  potassium  salt.  It  is 
insoluble  in  ether,  and  is  not  deliquescent. 

•468  grm.,    dried    between    120°  and   130°,    gave    -1630   grm. 


sulphate  of  sodium. 


Calculated.  Found. 

C^gHgNaXOg 


Sodium  per  cent.       .     .  11 -44  11  32 

Acetoxyhenzamate  of  barium,  C9H8BaN03  4- ]^H20. —Obtained 
by  saturating  a  hot  aqueous  solution  of  the  acid  with  carbonate  of 
barium.  It  is  very  soluble  in  water  and  crystallizes  by  the 
spontaneous  evaporation  of  its  solution  in  minute  radiating  needles 
grouped  together  in  tul\s.  It  dissolves  readily  in  spirit  of  wine, 
but  is  precipitated  from  a  strong  aqueous  solution  by  absolute 
alcohol.  It  loses  only  a  part  of  its  water  of  crystallization  at  100°; 
for  analysis  it  was  dried  between  130°  and  145°. 

1*8851  grm.,  dried  over  sulphuric  acid,  lost  '1812  grm.  water 
between  130'  and  145°. 
•8776  grm.  lost  -0887  grm.  water  at  the  same  temperature. 
•6164  grm.  of  the  dry  salt  gave  -3027  grm.  sulphate  of  barium. 
•3783  grm.  gave  '1771  grm.  sulphate  of  barium. 
•3918  grm.  gave  -1821  grm.  sulphate  of  barium. 
•9185  grm.,  burned  with  chromate  of  lead,  gave   r4625  grm. 
carbonic  acid,  and  -288  grm.  water. 

Found. 


Calculated. 

Cg 

108 

43-81 

Hs 

8 

3-25 

Ba 

68-5 

27-79 

N 

14 

5-68 

O3 

48 

19-47 

_         _         _       43.43 

—  —  —  3-48 

27-54       27-32       2742         — 


CnH.BaXO,    246-5      100  fX) 


.3 
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Calculated.  Found. 


CgllgBaNOg  -f   UH2O 
Water  of  crystallization     .     .     9-87         "  9-61  10*11 

Acetoxybenzamate  of  ccdciumy  CgHgCaNOy  4-  1^1120. — This  salt 
was  prepared  by  saturating  the  acid  Avith  milk  of  lime  and 
removing  the  excess  of  lime  by  carbonic  acid.  It  is  only 
moderately  soluble  in  cold  ^vater,  and  can  be  easily  obtained  in 
well-defined  crystals_,  consisting  of  very  thin  rhombic  platesj  by 
cooling  its  hot  aqueous  solution. 

•6428  grra.,  air-dry^  lost  '081  grm.  water  at  130°. 
•63  grm.  lost  '0781  grm.  water  at  130°. 

•2978  grm.^  dried  at  130°,  gave  '1039  grm.  sulphate  of  calcium. 
•2087  grm.  gave  "0722  grm.  sulphate  of  calcium. 
•312  gi'm.,  burned  with  chromate  of  lead,  gave  "6786  grm.  car- 
bonic acid,  and  •I 33 7  grm.  water. 

Calculated.  Found. 

"  5402 

434 


C9 

108 

54-55 

Hs 

8 

4-04 

Ca 

20 

1010 

10-26        10 

N 

14 

7-07 

O3 

48 
198 

24-24 

CgHgCaNOj 

100-00 

■ 

Calculated. 

CgHgCaNO.,  4-  HH^O 

Found. 


Water  of  crystallization     .     .     .     12-0  12-6         12*4 

Acetate  of  lead  gives,  with  a  solution  of  an  acetoxybenzamate, 
a  sticky  precipitate  which  melts  in  boiling  water  and  gradually 
dissolves ;  it  is  also  soluble  in  alcohol. 

Nitrate  of  silver  and  chloride  of  zinc,  give  no  precipitate  with  a 
moderately  strong  solution  of  an  acetoxybenzamate.  With  a  con- 
centrated solution,  nitrate  of  silver  gives  a  precipitate  which 
blackens  on  boiling. 

Acetoxybenzamate  of  ethyl. — This  substance  cannot  be  obtained 
by  the  process  indicated  by  St  en  house  for  the  preparation  of 
hippurate  of  ethyl,  namely,  by  heating  the  acid  with  alcohol 
saturated  with  hydrochloric  acid.  The  manner  in  which  acetoxy- 
beuzamic  acid  is  decomposed  under  these  circumstances  has 
already  been  described.    When  acetoxybenzamic  acid  and  absolute 
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alooliol  arc   lieatcd  toijotlier,  no   apparent   action   takes   place  at 
100^;  but  at  about  150°  a  compound  is  formed  uhicli  is  soluble  in 
etiier  and  can  thus  be   separated  from  the  acid  mIucIi  remains  in 
excess.     Tliis  bodv,  which  is  prol)ablv  acetoxvbenzamatc  of  cthvl, 
is  verv  slitrlitlv  soluble  in  cold  water,  but  tolerably  «5oluble  in  hot 
water;  from  this  solution   it  sometimes  separates,  by  cooliufz;,  in 
the  form  of  an  oil  which  solidifies  c:radually  on  standing.     If  long 
boiled  with  water  it  regenerates  acetoxybenzamic  acid.     It  is  very 
soluble    in    alcohol.      On    heating    this    substance    to    100**    in    a 
Liebig's  drying-tube,  in  order  to  dry  it  for  analysis,  a  few  drops 
of  a    colourless   li([uid  which   was  scarcely   solul)lc   in   water  but 
miscible  with   alcohol,   and  which  greatly  resembled  carbolic  acid 
in  taste  and  smell,  condensed  in  the  tube  leading  to  the  aspirator. 
As  this  liqnid  continued  slowly  to  distil  after  the  substance  had 
been  heated  for  many  hours  to  100°,  the  temperature  was  raised  to 
between  130^  and  135°.     At  this  temperature  the  liquid  distilled 
more  rapidly  and  was  accompanied  by  a  crystalline  sublimate ;  at 
the  same  time  the  supposed  acetoxybenzamate  of  ethyl  rapidly 
became  of  a  dark  brown  colour.     Neither  the  liquid  nor  the  sub- 
limate was  obtained  in  sufficient  quantity  for  further  examination. 
Cahours"^    mentions    a  substance   which  he  obtained    bv  the 
action   of  chloride  of  benzoyl  on  oxybenzamate  of  silver,  but  of 
which  he  neither  gives  the  formula  nor  describes  the  properties. 
Hoping    to    obtain     benzoyl- oxybenzamic    acid,    I    reacted    on 
oxybenzamate   of   zinc   with    chloride    of  benzoyl.     The    product 
was  an  acid  insoluble  in  cold  water  and  in  ether,  slightly  soluble 
in  boiling  water,  in  alcohol,  and   in  chloroform,  and  resembling 
acetoxybenzamic   acid  in  taste   and  in  its  appearance  under  the 
microscope.     A  determination   of  nitrogen  by  Dumas*s   process 
and  the  mean  of  two  concordant  combustions  gave  the  following 
results  :  — 

Carbon  .         .         .         .         .     G8  03 

Hydrogen  .....  5*12 
Nitrogen  .....  6*27 
Oxygen  .....     2058 


100-00 

which  differ  too  much  from  the  calculated  composition  of  bcnzoyl- 
oxybenzamic  acid  ;  namely — 

*  Ann.  Ch.  Phann.,  ciii.  90.     Thip  product  is  snokpn  of  as  glycolicnzamic  acid  in 
the  Handwbrt^rbuch. 


09-71 

4-56 

5-81 

19-92 
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Carbon  .... 

Hydrogen  .... 

Nitrogen  .... 

Oxygen  .... 

lOO-OO 

It  is  a  matter  of  some  interest  to  consider  the  relation  in  which 
acetoxybenzamic  acid  stands  to  hippnric  acid,  and  the  nature  of 
the  isomerism  of  tlicse  two  bodies. 

If  we  bear  in  mind  the  close  analogy  which  exists  between 
glycocol  and  oxybenzamic  acid,  the  formation  of  acetoxybenzamic 
acid  from  chloride  of  acetyl  and  oxvbenzamate  of  zinc  is  strictly 
comparable  to  the  formation  of  hippnric  acid  from  chloride  of 
benzoyl  and  zinc-glycocol ;  and  its  decomposition,  when  heated 
with  water  in  presence  of  a  strong  acid,  into  acetic  and  oxyben- 
zamic acids  is  analogous  to  the  decomposition  of  hippnric  acid 
into  benzoic  acid  and  jrlvcocol. 


r 


< 


C2H3OCI     +     C.HgZnNO.j      =      CgHjNaO      +      ZiiC'l 

Chloride  of  acetyl.      Oxybenzamate  of  zinc.     Acetoxybenzamic  acid. 


r 


< 


aiLoci    + 

Chloride  of  benzoyl. 

C2H^ZnX02     =     C9H9NO3      +      Zn( 

Zinc-glycocol.                 Hippuric  acid. 

C9H9NO3      4- 

Acetoxybenzamic  acid. 

H2O 

=     C^H.O^     +     C-H7XO., 

Acetic  acid,          Oxybenzamic  acid. 

C,H„X03     + 

Hippnric  acid. 

H^O 

C,II„0,     +     C,H,NO, 

Benzoic  acid.                 Glycocol. 

Allowing  for  the  difference  between  acetyl  and  benzoyl,  acetoxy- 
benzamic acid  is  to  oxybenzamic  acid  what  hippuric  acid  is  to 
glycocol.  The  simplest  way  of  expressing  these  relations  in  the 
formulae  of  the  two  substances  is  to  write  acetoxybenzamic  acid  as 
an  acetyl-derivative  of  oxybenzamic  acid  (or  as  oxybenzamic  acid 
in  which  an  atom  of  hydrogen  is  replaced  by  acetyl),  and  hippuric 
acid  as  a  benzoyl-derivative  of  glycocol  (or  as  glycocol  in  which 
an  atom  of  hydrogen  is  replaced  by  benzoyl). 

Before  we  can  give  formulae  which  will  indicate  the  further 
relations  of  these  acids,  it  is  therefore  necessary  to  consider  the 
formulae  of  glycocol  and  oxybenzamic  acid.  These  two  bodies 
occupy  corresponding  positions  in  two  analogous  series  of 
compounds. 

R    2 
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Acetic  acid  C.JI^Oo  Benzoic  acid         .  C7H(-,02 

Chloracctic  acid  (\^"ll,rib2  Nitrobcnzoic  acid  C.II^INOJO^ 

Glycocol  .  ^'2^^5^^2  Oxyhcnzamic  acid  C7TI7KO2 

Glycollic  acid  C2II4O3  Oxybcnzoic  acid     C^IIgOg 

Tlierc  arc  two  principal  points  of  view  from  wliich  the  members 
of  the  two  scries  may  be  regarded,  and  accordingly  two  principal 
systems  of  rational  formnlae  bv  which  thev  may  be  represented. 
\N'e  may,  on  the  one  liand,  adopt  formidie  expressing  only  the 
genetic  relations  of  the  two  sets  of  compounds  to  acetic  and 
benzoic  acids  respectively ;  or,  on  the  other  hand,  formulae  which 
express  in  addition  the  general  nature  of  tlie  differences  which  the 
various  terms  of  each  series  exhibit  in  their  relation  to  other 
substances.  In  the  first  case,  if  we  write  acetic  and  benzoic  acids 
as  deriving  from  the  type  H2O,  we  get — 


Acetic  Series. 

Acetic  acid 

• 

H  ; " 

Chloracetic  acid 

« 

C^H^CIO)  Q 

Glycocol. 

• 

C,H,(H,N)|  Q 

Cilvcollic  acid  . 

• 

C,H,(HO)|q 

Benzoic 

Series. 

Benzoic  acid    . 

• 

.   %^o]o 

Nitrobcnzoic  acid     . 

• 

C,H,(NO,)0|q 

Oxybenzamic  acid   . 

• 

C,H,(H,N)0>Q 

Oxvbenzoic  acid 

• 

C,H,(HO)0|q 

In   the    second    case    we    get    the    following,    or   equivalent 
formulae : — 
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Acetic  Sey'ies. 


II  } 


Acetic  acid        .         .         .     C2H2O 


i 


Type. 

"I 

H  f 


Cliloracetic  acid         .  .     C2--2 


h{o-  S}o 

CI  )  CI  ) 

H  O  >  "  > 

H  r  °  II  f  ^ 


Glycocol  . 


Glvcollic  acid 


C  H  O  ^  ^^  ^ 


Benzoic  Sei'ies. 


Benzoic  acid 


Nitrobeuzoic  acid 


Oxybenzamic  acid 


Oxybenzoic  acid 


It  will  be  seen  tliat  these  two  systems  of  formulae  differ  in  this  : 
that,  in  the  first  set,  the  type  remains  unchanged  throughout,  but 
that  the  radicle  is   different  in  each   compound ;    while,  in  the 
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sccoiul  set,  the  tvpr  is  variable  but  tlic  radirle  constant.  It  may 
perliaps  be  said  tliat  this  cbtVeroncc  is  not  essential,  but  merely  a 
ditVereuce  of  form :  the  elements  uhieh,  in  the  one  ease,  are 
represented  as  replacing  liydrogen  in  the  radicles  acetyl  and 
benzoyl  and  are  written  in  the  same  line  ^vitll  the  reniaininj^ 
elements  of  these  radicles,  being;,  in  the  other  case,  separated  and 
written  above  the  other  elements.  Admitting  this  to  be  the  case, 
and  supposing  the  two  sets  of  forinuhe  to  be  nsed  in  the  same 
sense,  the  question  arises  whether  or  no  one  set  of  formula}  is 
preferable  to  the  other  as  a  matter  of  form. 

On  this  point  it  may  be  observed,  first,  that  the  only  consistent 
definition  of  a  compound  radicle  is  a  group  of  elements  contained 
in  a  greater  or  less  number  of  substances  and  not  altered  by  the 
reactions  by  which  these  substances  are  transformed  one  into  another y 
and  that  it  is  therefore  inconsi^stent  to  represent  closely  allied  and 
mutually  convertible  substances  as  containing  different  radicles  ; 
secondly,  that  the  only  consistent  use  of  tyi)ical  formulae  is  to 
express  the  nature  of  the  transformations  which  the  bodies  repre^ 
seated  by  them  are  capable  of  undergoing,  and,  therefore,  that  it  is 
inconsistent  to  refer  to  the  same  type,  bodies  of  which  the  trans- 
formations are  very  different.     For  example,  the  formulae — 

H     f    -*  II  I  ^  H  3  ^ 

Benzoic  acid,  Nitrobenzamic  acid,  Oxybenzamic  acid, 

ought  to  imi)ly  that  the  salts  of  these  three  acids  give  similar 
products  when  acted  upon  by  acid  chlorides,  such  as  chloride  of 
acetyl  or  chloride  of  benzoyl  :  experiment,  howeyer,  proves  that 
the  first  two  give  anhydrides  when  so  acted  upon,  while  the  third 
gives  a  well  characterized  acid.  The  same  difference  also  exists 
between  the  salts  of  acetic  acid  and  the  salts  of  glycocol  in  respect 
to  their  behaviour  with  similar  reagents. 

For  these  reasons,  the  relations  of  glycocol  and  oxybenzamic 
acid  to  their  congeners  are  most  correctly  expressed  by  the 
formulae — 


H 

H 

H" 


N 


II 


^"^  C  H  O 


H      / 


In 
o 


GlycocoL  Oxybenzamic  acid. 

which  represent  them  as  amidic  acids  corresponding  respectively  to 
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glycollic  (oxyacetic)  acid  and  oxy benzoic  acid,    lleuce,  for  hippuric 
aud  acctoxybciizamic  acids  we  get  tlie  foniiulic — 


H 

C,ll,0 


II  ^^ 


N 


and 


11 
C,Il30 


Hippuric  acid. 
(Benzoyl-oxyacetamic  acid.) 


N 
11         1^ 

Acetyl-oxybenzamic  acid. 


By  way  of  justification  of  this  discussion  of  what  may  seem  very 
o))vious  formulic,  I  may  perhaps  be  allowed  to  give  a  collection 
(probably  far  from  complete)  of  formuhe  which  have  recently  been 
proposed  for  glycocbl,  hippuric  acid,  aud  oxybenzamic  acid. 


Gltcocol. 

II 
H 


N  < 


HlPPUEIO  ACID. 

C,H,0, 

C.H-O 

'11' 


H. 


Oxybenzamic  acid. 

Gerhardt,  Trait6  iv,  767,  (1 

Cahours,  Ann.  Ch.  Phys.,  [3]  liii,  (1 

C,H,0J0 


N  < 


Ho 


WisHcenus,  Zeitschr.  f.  d.  geaammt.  Xaturwisftenechaften,  xiv,  (1 


CHO.,-;  * 

CJIa'tOj 
'H 


Co    Oo       ^     * 

Weltzien.  Zusammenstell.  d.  organ.  Verbind.  (1 


^{C„HA}o. 


C4H2(NH.2)02l    Q^ 


H 
H 

H' 


0 


C,4H,.(C,H2.NH2.0o)02 1  ^^  Ci,H4(NH2)02 1  ^^ 

Gorup-Besanez,  Lehrb.  d.  organ.  Chemie,  ii,  (1 


5(t 

10 .  (Co  {  h:n)  t^^oj-o     HO.C,.,  < 


r  ". 

(c.{h!x)^A 


H 
C.H-O 
C'O^ 
CHo 


[C,oj,o      Ha(c,2{{{^..)[cvo 

Kolbe,  Ann.  Ch.  Pharm.,  cxiii,  (1 


If 

0 


Limpricht,  Lehrb.  d.  organ.  Chemie,  (1 


*  fn  the  formulae  marked  with  an  asterisk,  H  =  l,  C  =  6,  0  =  8. 
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It  is  hardlv  ncccssarv  to  add,  in  conclusion,  that  I  make 
no  claim  to  oriirinality  in  reference  to  the  lormulii^  projioscd 
in  this  paper.  Gerhardt,  in  the  fonnnla  quoted  above, 
represented  hippuric  acid  as  benzovl-irlycocol,  and  the  fornndje 
which  I  have  adopted  ibr  oxybenzamic  acid  and  glyeocol  were 
first  jiropdscd  by  Kekulc  (Ann.  Ch.  Pharm.,  civ.  118;  evi. 
150).  Moreover,  the  formuhe  for  glycocol  and  hippuric  acid 
which  are  quoted  from  Limpricht  are  very  nearly  identical 
with  those  proposed  in  this  paper.  The  only  difference  is,  that 
in  order  to  represent  other  reactions  than  those  which  are 
here  taken  into  account,  he  has  divided  the  radicle  C2II2O  into 
CO  and  rJl2,  and  has  consequently  derived  g:;lycocol  and  hippuric 

acid  from  the  type  tt^q  ^  >  which  might  perhaps  be  more  coiTCctly 

written  H^N  >  ;  for  though  in  some  compounds  nitrogen  is  com- 

bined  with  the  equivalent  of  five  atoms  of  hydrogen,  these 
substances  are  always  easily  broken  up  into  a  group  equivalent  to 
Ilj  and  a  group  equivalent  to  H3N. 

Through  the  kindness  of  Professor  Kckule,  of  the  University  of 
Ghent,  I  have  been  able  to  perform  the  experiments  described  in 
this  paper  in  his  laboratory. 

Ghent,  lOth  June,  18G0. 


XXI. —  On  BdiidrinionCs  Protosulphide  of  Carbon. 
By  Lvon  Playfair,  C.B.,  F.U.S. 

PB07EB80B  OW  CHEMISTRY   IN   THE    CNIVERSITY   OF   EDINBUBOH. 

Baudriraont  has  given  various  processes  for  the  preparation 
of  protosulphide  of  carbon,  a  body  long  expected  by  chemists  and 
neccssnry  to  complete  the  analogy  between  sulphur  and  oxygen. 
Protosulphide  of  carbon  bears  the  same  analogy  to  carbonic  oxide 
that  bisulphide  of  carbon  does  to  carbonic  acid.  The  discovery 
of  the  Ixxly  surprised  no  one,  but  it  was  a  matter  of  astonishment 
that  the  numerous  and  simple  processes  for  its  preparation  had 
remained  so  long  unknown  to  chemists. 
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The  description  given  by  Baud  rim  on  t*  for  the  preparation  and 
properties  of  tliis  interesting  body  is  sliort,  fnrther  details  1)eing 
))ronnsed  in  a  fiitnre  paper.  Meanwhile,  the  new  eoniponud  has 
received  admission  into  systematic  works  on  (Miemistry. 

Being  desirous  of  making  some  experiments  with  i)rotosnl[)hide 
of  eaibon,  I  have  repeated  without  success  the  processes  described 
by  Haudrimont;  I  have  been  equally  nnsuceessful  with  others 
which  appeared  equally  promising.  It  is  therefore  desir;d)lc  to 
obtain  further  evidence  of  this  existence  of  the  compound;  tor  the 
j)roducts  of  the  processes  described  are  in  most  cases  only  carbonic 
oxide  with  the  vapours  of  bisulphide  of  carbon,  and,  in  other  cases, 
mixtures  of  carbonic  oxide,  hydrogen,  carburetted  hydrogen  and 
the  vapours  of  bisulphide  of  carbon. 

Baudrimont,  in  the  memoir  above  referred  to,  gives  nine 
processes  i'or  the  preparation  of  protosnlphidc  of  carbon,  but 
admits  that  only  the  first  process  yielded  it  in  a  state  of  tolerable 
purity.  To  this  process  it  will  therefore  be  suilicicnt  to  direct 
special  attention.  The  vapours  of  bisul^jhide  of  carbon  are  to  be 
])assed  over  red  hot  pumice-stone  or  spongy  platinum,  which  have 
the  effect,  according  to  Baudrimont,  of  doubling  the  compound, 
(so  much  sulphur  being  at  the  same  time  deposited  as  to  choke 
the  exit  tubes),  while  the  gaseous  protosulphide  of  carbon  passes 
on,  and  may  be  collected,  after  transmission  through  solutions  of 
acetate  of  lead  and  dichloride  of  copper. 

In  repeating  this  and  subsequent  experiments,  it  became  obvious 
that  the  presence  of  organic  matter  and  moisture  was  a  frequent 
source  of  error,  and  it  was  necessary  to  operate  so  as  to  exclude 
these;  accordingly  the  following  arrangement  was  adopted: — 

A  long  tube  of  difficidtly  fusible  glass  was  filled  with  fragments 
of  pumice-stone  to  the  extent  of  three  feet  in  length,  and  then  the 
posterior  end  was  drawn  out  into  a  U  shape,  and  the  anterior  end 
into  a  delivery  tube  for  gaseous  products.  The  capacity  of  the 
whole  tube  was  about  95  cubic  centimeters.  The  body  of  the 
tube  containing  the  pumice  stone  was  placed  in  Ilofmann's  gas 
furnace  and  heated,  a  stream  of  carbonic  acid,  dried  by  sulphuric 
acid,  being  passed  over  it  until  all  moisture  was  expelled.  When 
the  desiccation  of  the  tube  and  pumice-stone  had  been  efiected, 
8  grammes  of  dry  bisulphide  of  carbon  were  sucked  into  the 
U  portion  of  the  tube,  which  was  then  sealed  by  a  lamp  and 
placed  in  a  water-bath. 

*  Comptes  reudus,  xliv,  1000. 
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The  whole  of  the  bisulphide  of  ear])on  was  now  slowly  passed 
over  the  red  hot  piiiniee  and  the  produets  were  collected  over 
mercun*  by  the  delivery  portion  of  the  tube.  The  heat  employed 
was  sufficient  to  alter  the  shape  of  the  tube,  although  it  was 
protected  as  is  usual  in  combustion,  by  metallic  gauze. 


During  the  experiment  gas  came  over,  and  with  it  liquid  bisul- 
phide which  condensed  in  the  eudiometer.  After  the  8  grammes 
of  bisulphide  had  been  slowly  passed  over  the  red  hot  pumice- 
stone,  the  pro<lucts  were  as  follows  : — 


Gas  at  730mm.  press.  12°C.  temp. 
Liquid  bisulphide  of  carbon 


155  cub.  cent. 
5  cub.  cent. 


The  gas  corrected  for  temp,  and  pressure,  and  for  the  tension 
of  CSo  with  which  it  was  saturated  (200mm.  at  12°C.  Brezelius)  gave 

Corrected  vol.  of  gas  and  0°C.  and  7G0mm.  press.    103*5  cub.  cent. 

Caustic  potash  was  now  passed  up  to  absorb  carbonic  acid  and 
sulplmretted  hydrogen,  and  the  gas  now  measured  59  cub.  cent,  at 
12°C.  and  610mm.  pressure,  still  saturated  with  l)isulphide  of 
carbon.  Corrected  for  this  and  brought  to  the  normal  temperature 
and  pressure  there  was  only  30*  4 9  cub.  cent,  of  gas  left. 

Hence  of  the  8  grammes  of  bisulphide,  at  least  6*4  grammes 
were  found  condensed  in  the  eudiometer;  the  remaining  IG 
gramme  was  chiefly  in  the  long  delivery  tube,  which  liad  a  column 
of  condensed  bisulphide  in  it,  but  this  was  not  measured.  If  we 
neglect  this  and  assume  that  1*3  gramme  was  decomposed  into  pro- 
tosulphide  of  carbon  (03  gramme  in  vapour  being  allowed  for  the 
capacity'  of  the  tube),  383  cub.  cent,  of  this  gas  should  have  been 
produced.  But  after  correcting  for  the  pressure,  temperature, 
and  for  the  tension  of  CS2,  only  30*49  cub.  cent,  were  obtained. 
This  small  quantity  of  residual  gas  consisted  of  carbonic  oxide 
and  nitrogen,  resulting  from  the  traces  of  air  and  moisture  still 
left  in  the  pumice-stone,  or  introduced  when  the  bisulphide  of 
carbon  was  drawn  into  the  apparatus.  But  if  we  assumed  the 
whole  residual  gas  to  be  protosulphide  of  carbon,  it  would  have 
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weio-lied  only  O'OGO  j^ramme,  aud  would  have  been  produced  from 
001)  gramme  of  the  bisulphide.  Hence  in  any  case  not  more  than 
1'  1<  per  cent,  of  the  bisulphide  employed  could  have  been  decom- 
posed iu  its  passage  through  the  red-hot  pumice.  But  this  gas 
was  chit'liy  carbonic  oxide  produced  by  the  action  of  moisture — 
(CS.2-f  Il6  =  C0  +  S  +  IIS,)  and  re(piired  only  0-027  IIO  to  produce 
it,  a  cpumtity  wiiich  can  easily  have  escaped  the  djying  process. 

A  careful  examination  of  the  tube  and  pumice-stone  showed 
that  no  sulphur  whatever  was  deposited,  except  one  or  two  specks 
which  could  not  have  been  weighed,  the  whole  operation  liaving 
been  one  of  simple  distillation  without  decomposition.  AVhen  the 
pumice-stone  is  not  completely  dry,  then  sulphuretted  hydrogen 
and  carl)onic  oxide  appear,  while  sulphur  is  deposited. 

Having  failed  in  obtaining  protosulphide  of  carbon  by  ths 
only  process  wiiich  15  aud  rim  out  describes  as  giving  it  pure,  it 
was  scarcely  necessary  to  repeat  the  other  methods ;  but  those 
described  as  yield inj?  the  best  results  were  examined.  The  chief 
of  these  is  to  pass  the  vapours  of  bisulphide  of  carbon  over  red-hot 
charcoal,  animal  charcoal  being  recommended. 

On  repeating  these  experiments,  large  quantities  of  gas  were 
obtained  at  first ;  but  the  gas  ceased  abruptly,  although  the  tube 
still  contained  abundance  of  animal  charcoal,  and  now  bisulphide 
of  carbon  distilled  over  unchanged.  The  gas  collected  in  the 
first  part  of  the  experiment  was  washed  with  solution  of  acetate 
of  lead  and  dichloridc  of  copper,  but  continually  decreased  in 
bulk,  until  only  a  small  quantity  remained.  This  was  analysed 
with  the  following  results  ; — 20'295  cub.  cent,  gave 

Carbonic  oxide     •     .         .         .         .         11*79 
Bisulphide  of  carbon  .         .  .  4*66 

Nitrogen  .....  3"83 


20-28 


The  analysis  was  however  only  approximate,  as  some  sulphuric 
acid  was  formed  in  the  combustion  of  the  gas. 

A  like  experiment   made    with  wood-charcoal    gave    precisely 
similar  results. 

Both  these  experiments  proved  that  the  gas  at  first  obtained  was 
due  to  the  organic  matter  and  moisture  acting  on  the  bisulphide 
of  carbon  and  that  the  latter  distilled^  over  unchanged,  as  soon  as 
tlie  former  were  removed. 
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It  is  unnecessary  to  describe  tlie  other  experiments  made  in 
the  hope  of  procuring  protosulphidc  of  carbon,  as  they  all  gave 
negative  results. 

Baudrimont  gives  as  evidence  of  the  conipositou  of  the  gas 
obtained  by  him  (1)  that  lime-water  decomposed  it  into  sulphide 
of  calcium  and  its  own  volume  of  carbonic  oxide.  It  is  clear  that 
this  experiment  was  not  a  quantitative  one,  as  no  allowance  is 
made  for  the  solubility  of  the  protosuli)hidc  of  carbon,  which  is 
stated  to  dissolve  in  its  own  bulk  of  water.  Hence  the  result  may 
have  been  due  to  a  mere  mixture  of  carbonic  oxide  containing  the 
vapour  of  bisulphide  of  carbon  and  a  little  sulphuretted  hydrogen. 
(2)  Baudrimont  states  that  eudiometric  analysis  gave  equal 
volumes  of  CO2  and  SO^;  but  this  result  would  be  equally  attained 
bv  the  combustion  of  a  gas  containing  equal  volumes  of  CSg 
and  CO  ;  and,  at  the  ordinary  temperature,  with  the  diminished 
pressure  in  the  eudiometer,  the  tension  of  CS2  is  more  than  suffi- 
cient to  double  the  volume  of  gas  in  the  tube.  It  may  further  be 
remarked  that  Baudrimont  does  not  give  any  process  for  removing 
bisulphide  of  carbon  from  the  gases  obtained  by  him. 

In  conclusion,  it  must  be  admitted  that  there  is  no  sufficient 
e\ndence  of  the  existence  of  protosulphidc  of  carbon,  all  the 
processes  described  for  its  preparation  having  failed  to  yield  it. 
Buff  and  Hofmann*  seem  to  have  been  equally  unsuccessful  in 
their  endeavours  to  obtain  it  from  bisulphide  of  carbon  by 
electric  incandescence. 


XXII. — Notice  of  a  New  Ammonio- Chrome  Compound. 
By  J.  MoRLAND,  F.C.S. 

When  sulphocyanidc  of  ammonium  is  fused,  and  powdered 
bichromate  of  potash  added  to  it,  this  salt  dissolves  quietly  at 
first,  giving  a  i)urple  coloration.  After  a  short  time,  however,  a 
very  brisk  reaction  ensues,  ammonia  and  aqueous  vapour  arc 
given  off  abundantly,  and  the  residue  is  of  a  beautiful  crimson 
colour.  This  residue  consists  of  sulphocyanidc  of  ammonium, 
sulphocyanidc  of  potassium,  bichromate  of  potash,  sulphate  of 
potash   and  the   sulphocyanidc  of  a   new   ammonio-chromc  com- 

*  Journal  of  Chemical  Society,  xii,  283. 
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pound ;  this  last  salt  is  easily  purified  from  the  otliers  by  washing 
with  cold  water,  in  which  it  is  but  sparingly  solul)lc,  and  after- 
wards by  crystallization  from  alcohol,  which  dissolves  it  freely, 
or  from  ether,  in  which  it  is  moderately  soluble.  This  new  salt 
has  the   composition,   Cr.^  Csyg  2NII^0.     Analysis  gave  the  fol- 


when  the  salt  was  dried  at  120°  C 


lowing  figures  : — 

Theory. 

Found, 

Cr 

18-71 

18-71 

S 

34-53 

34-37 

N 

25-18 

24-96 

C 

12-95 

13-27 

H 

2-88 

3-39 

0 

5'76 

This  is  a  perfectly  neutral  salt,  crystallizing  in  the  cubical 
system.  I  obtained  crystals  by  the  spontaneous  evaporation  of  an 
ethereal  solution,  the  form  of  which  was  the  rhombic  dodecahe- 
dron modified  by  the  planes  of  the  octahedron :  it  has  a  strongly 
bitter  taste,  especially  at  the  back  of  the  mouth.  Heated  in  a 
closed  tube,  it  gives  off  ammoniacal  vapours,  sulphuretted 
hydrogen,  and  some  compound  of  cyanogen  with  a  garlicky 
odour ;  the  residue  is  sulphide  of  chromium,  which,  when  heated 
in  the  air,  ignites,  gives  off  sulphurous  acid,  and  leaves  sesquioxide 
of  chromium. 

Neither  acids  nor  alkalies  decompose  this  salt  in  the  cold,  but 
alkalies  on  boiling  throw  down  oxide  of  chrome  ;  and  acids,  when 
concentrated,  decompose  it  by  uniting  with  the  ammonia.  Heated 
on  the  water-bath  with  sulphuric  acid,  it  yields  sulphate  of 
ammonia  and  blue  sulphate  of  chrome;  oxalic  acid  gave  violet 
oxalate  of  chrome  and  oxalate  of  ammonia. 

Persalts  of  iron  are  not  coloured  bv  this  salt,  but  nitrate  of 
silver  immediately  gives  a  precipitate  of  uncertain  composition, 
as  much  of  tliis  chrome  salt  is  carried  down. 

Other  chromates  as  well  as  bichromate  of  potash  also  form 
this  same  salt  with  fused  sulphocyanide  of  ammonium ;  chromate 
of  potash,  and  chromate  of  lead  succeed  pretty  well,  but  there 
are  also  other  substances  formed.  I  found  the  best  proportion  to 
be  5  of  sulphocyanide  to  2  of  bichromate,  corresponding  to  ]  eq. 
bichromate  to  5  of  sulphocyanide. 

Fremy's  roseo-chrome  salts  have  the  composition 

(Cr203.4NH3).37^, 
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which  (litVcre  rhirHy  in  tlio  (h)ui)lo  quantity  of  ammonia.  Tlie 
cobaJt-bases  linvc,  accordinir  to  Fr<5niy,  tl\e  following  compo- 
sitions : — 


Co^O,   1. 

Ml, 

„      5 

„       (> 

J' 

1  have  attempted  to  form  other  compounds  by  the  i eduction 
of  chromatcs  in  tlie  presence  of  ammonia-salts^  but  at  present 
Avithont  success. 


XXIII. —  On  Circular  Polarization. 

A  Discourse  delivered  to  the  Members  of  the  Chemical  Society  of 

London. 

By   Dr.   J.    II.   Glahstone,   F.R.S. 

AVhex,  at  the  request  of  the  Council,  1  undertook  to  bring  the 
subject  of  circular  polarization  before  the  Chemical  Society,  I  did 
not  realize  the  quantity  of  the  observations  which  have  been 
recently  accumulated  by  the  industry  of  foreign  savans.  In 
preparing  this  discourse,  I  have  been  well-nigh  overwhelmed  with 
materials,  and  I  have  therefore  considered  it  best  to  omit  all 
description  of  the  more  purely  physical  questions,  and  to  confine 
myself  as  closely  as  possible  to  those  branches  of  the  subject 
which  have  a  direct  })earing  on  chemical  science. 

Circular  polarization  was  first  observed  in  (juartz  by  Arago, 
in  1811;  it  was  investigated  by  Biot,*  and  the  subject  speedily 
attracted  the  attention  of  some  of  the  leading  physicists  of  this 
country.  Brewster,  Herschel,  and  Airy  made  important 
discoveries  in  respect  to  it ;  but  since  that  early  period,  very  little 
has  been  done  by  the  scientific  men  of  Great  Britain,  while  in 
France  and  other  parts  of  the  continent,  investigations  have  rapidly 
extended,  and  circular  polarization  has  been  taken  advantage  of 
for  the  solution  of  many  chemical  problems.  It  is  true,  that  soon 
after  the  formation  of  our  Societv,    Leeson   read   an  elaborate 

•  Mem.  Tn»t.  1812,  and  subpequeutly. 
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comnuiiiication  on  the  subject;*  some  of  Pasteur's  papers  have 
been  transhitcd  iu  our  Uuarterly  Journal, t  and  the  matter  has  of 
course  been  referred  to  in  lectures  and  treaties  on  Natural  Philo- 
sophy ;t  yet  there  can  be  no  doubt  that  British  Chemists  liave 
generally  made  themselves  but  little  acquainted  with  the  sub- 
ject. 

The  leaclinjr  i)henomena  of  circular  polarization  are  simply  these. 
If  a  slice  be  cut  from  a  crystal,  endowed  with  this  property,  in  a 
direction  per})endieular  to  its  axis,  and  it  be  examined  by  polarized 
liirht,  it  does  not  exhibit  tlie  coloured  rinj^s  and  black  cross  ;  and 
if  the  emergent  polarized  ray  be  analysed  by  a  doubly-refracting 
prism,  the  two  images  have  complementary  colours,  which  change 
as  the  prism  is  made  to  revolve.  If  such  a  slice  of  crystal,  or  a 
liquid  possessing  the  same  power,  be  placed  between  the  polarizer 
and  analyser  of  a  polariscopc,  the  maximum  and  minimum  of  light 
are  in  fact  not  attained  when  the  plane  of  reflection  is  inclined  to 
that  of  polarization  at  (f  and  U0°,  but  at  some  other  angles 
90^  apart.  The  amount  of  this  deflection  will  difte^with  the 
colour — that  is,  willi  the  refrangibility  of  the  ray  ;  thus  a  violet  ray 
will  be  deflected  to  perhaps  twice  the  distance  of  a  red  ray ;  and 
hence  when  white  light  is  employed,  a  series  of  colours  are  ob- 
served following  one  another  in  regular  succession,  as  the  analyser  is 
mide  to  revolve.  If,  in  order  to  make  these  follow  in  their  natural 
order — red,  orange,  yellow,  green,  Ijlue,  violet — it  is  necessary  to 
turn  the  analyser  to  the  right — that  is  to  say,  in  the  direction  of 
the  hands  of  a  watch — the  substance  is  said  to  exhibit  right-handed 
or  positive  circular  polarization,  which  is  usually  indicated  by  the 

sign  A  or  4-  :  if,  on  the  contrary,  the  analyser  must  be  turned 
to  the  left  to   produce  the  same  result,  the  polarization  is  left- 

handed,    or   negative,    and    the    sign      a     or     —     is     employed. 

On  revolving  the  analyser  beyond  the  violet  rays,  the  same 
order  of  colours,  beginning  with  red,  reappears,  and  there  is  a 
transition  tint,  called  by  the  French  te2?7i  de  passage  or  tniit 
seyisible,  which  from  its  sensitiveness  is  very  valuable  for  obser- 
vations. 

*  Mem.  and  Proc.  Chem.  Soc,  ii,  26. 

+  Chem.  Soc.  Qu.  J.,  iii,  7;^;  v,  62;  vi,  273,  277. 

X  For  instance,  in  Golding  Bird's  Elements  of  Xatural  Philosophy;  in 
Pereira's  Lectures^,  Pharm,  J.,  ii  and  iii;  in  Graham's  Elements  of  Chemistry, 
2nd  Edit,,  Vol.  ii,  p.  464 ;  and  in  a  lecture  by  Maskelyne,  Phil.  Mag.  (4),  i,  428. 
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For  tlie  rxplanation  of  these  plienomena  on  the  undulatiiifj^ 
theorv,  1  can  onlv  refer  to   bVesnel's  Memoirs.* 

Subs/unrts  trhtch  exhibit  Circular  Pohrhation. — The  following 
table  eontains  a  list  of  the  sul)stanccs  in  wliieh  the  i)lienoniena  of 
ciri'ular  }>o]arization  have  been  ohscrved.  It  is  donbtless  ineoni- 
pletc;  and  it  must  be  borne  in  mind  also  that  tlic  effects  are 
pn)(inced  bv  very  many  compounds  of  some  of  these  bodies,  wliieh 
are  not  included  in  the  taljlc.  Ajjainst  the  name  of  the  substance  is 
placed  the  sign  +  or  — ,  to  indicate  tlie  direction  of  the  rotation, 
and  in  another  column  tlie  name  of  the  ol)scrvcr  who  first 
remarked  the  propcrtj^  in  the  substance  in  question,  or  who  has 
worked  upon  it  to  the  greatest  effect.  ^Vherc  a  second  observer 
has  discovered  the  existence  of  a  power  of  rotation  in  a  direction 
opposite  to  tliat  first  discovered,  which  is  by  no  means  an  un- 
common circumstance,  or  has  otherwise  largely  extended  our 
knowledge  of  the  subject,  his  name  has  generally  been  added. 
The  last  column  indicates  whether  the  substance  has  been  ob- 
served to  form  hcmihcdral  crjstals,  cither  itself  or  in  its  com- 
pounds. 


Subetance. 

Direction. 
+  or  - 

Authority. 

4 

Hcmi- 
hedral? 

Quartz  crvstAl 

Arago,  Biot,  Brewster,  Herschel 

Hem. 

CI  '           of  soda  (Bolid). , 

+  or  — 

Marliach 

Hem. 

Br ;  -  of  soda  (solid). , 

+  or  — 

»> 

Acetat€  of  uranium  and  \ 
8oda  (solid)                  j 

+  or  — 

>» 

CinnaV)ar . . 

+  or  — 

Descloizcaux 

Oil  of  tur]-»entinc 

+  or  — 

Biot,  See  beck,  Leeson 

Oil  of  lemon 

+ 

)> 

Oil  of  \toTf^mo\.\e 

+ 

n 

Oil  01  anii!€ 

— 

ft 

Oil  of  carraway  . . 

+ 

ft 

Oil  of  frpcarmint 

— 

It 

Oil  of  rue 

— 

f> 

Oil  of  nutmeg     . . 

+ 

Leeson 

Oil  of  lavender   . . 

-> 

It 

Oil  of  cubeba 

— 

Wilhclmy 

Oil  of  valerian 

— 

Oil  of  amber 

— 

tt 

Caiftor  oil 

+ 

Cioton  oil 

+ 

Balsam  of  cop^aiba 

— 

Campbor.. 

+  or  — 

Biot,  Chantard 

•  Ann.  Ch.  Phyg.  (2),  zxviii,  147.  Thi«  is  abstracted  in  Daguin's  Traite  Ele- 
mentaire  dt  Phyjfique,  which  contains  many  of  the  most  recent  observations  on  the 
sabjeci. 
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2ra 


Substances. 


Camphoric  acid  . . 

Camphoetliylic  acid 

Camphomethylic  acid 

Naplitha  . . 

Caiu'simar 

Milk-sng;ar 

Grape-sugar 

Sttirch  siiirar 

Diabotcs-sugar 

Glucosate  of  sea-salt 

Tartaric  acid 

Malic  acid 

Tartraniidc 

Asparairine 

Tart  ramie  acid 

Aspartic  acid 

Sulphamylic  acid 

Amylic  alcohol   . . 

Formoben/.oic  acid 

Quinicacid 

Quinine   , . 

Quinidin<^ 

Quinicine 

Cinchouine 

Cinchonidine 

Cinchonicine 

Quinoidine 

Alorphine 

Brucine   . . 

Strychnine 

Narcotine 

Kicotine  . . 

Santonine 

TI(craatoxylin 

Jalapin     . . 

Phloridzin 

Salicin 

Populin    . . 

Codeine   . . 

Narceine . . 

Picrotoxine 

Albumin 


Direction. 


+  or 

+ 
+ 


+ 

T  or 

I         + 

I    +  or 


+  or  — 


+ 
+ 


Authority. 


Bouchardat,  Chantard 

Malagu  t  i 

Loir 

Biot 

„      Cleri^et 

.,     Poggiale 


B  c  c  h  a  m  p 

Clergct,   Listing 
Pasteur 

Biot,  Pasteur,  Arndtzcn 
Pasteur 


» 

J) 
•  » 


Bouchardat,  Pasteur 

Pasteur 

Bouchardat 

Pasteur 

Wilhelmy 
Bouchardat,  Pasteur 


Descloizeaux 


Wilhelmy 


Bouchardat,  Biot  and  Pasteur 
Bio  t  and   Pasteur 
Bouchardat  and  Boudet 


A.  Becquerel 


Ilemi- 
hcdral? 


Hem. 
Hem. 
Hem. 

Hem. 
Hem. 


Hem. 
Hem. 
Hem. 
Hem. 
Hem. 
Hem. 

Not 


Hem. 


Hem. 


I  have  not  attempted  to  express  in  this  table  the  amount  of 
rotatory  force  possessed  by  the  different  substances,  not  from  any 
lack  of  numerical  data,  but  for  the  following:  reasons  : — 

1st.  It  has  been  frequently  determined  differently  bv  different 
obseryers.  This  arises  to  some  extent  from  actual  optical  dif- 
ferences in  the  samples  employed :  thus  oil  of  turpentine  is  known 
to  possess  different  powers  of  rotation,  eyen  when  the  direction 
remains  the  same,  according  to  the  kind  of  pine  from  which  it 
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came,  and  the  processes  adopted  in  preparin<j;  and  purifying  it. 
Aerain,  tlie  amount  of  solvent  employed  is  a  fruitful  cause  of 
diversity. 

2nd.  Tufortunately,  in  determining  tlie  rotatory  force,  no  nni- 
form  standard  has  been  adopted.  Thus,  Biot  reduces  his  observa- 
tions to  a  unit  of  thickness — namely,  one  millimeter,  and  he 
calculates  from  the  arc  of  rotation  of  the  rays  that  have  passed 
through  red  glajis.  He  employs  the  following  formula  for  deter- 
mining the  specific  rotatory  power  (/>),  in  which  a  stands  for  the 
arc  of  rotation,  d  the  density,  and  /  the  thickness  or  length  in 
millimeters. 

__      a 

<•    -    Tl 

And  if  the  substance  be  dissolved  in  some  optically  neutral  solvent, 
the  proportion  of  the  said  substance  in  one  ])art  of  the  solution  (//) 
has  to  be  taken  into  account,  and  the  formula  stands — 


P      = 


a 


AVilhelmv,*  on  the  contrary,  laving  stress  on  the  molecular 
nature  of  the  force,  considers  it  preferable  to  take  the  different 
substances  in  quantities  proportional  to  their  atomic  weights  in 
equal  weights  of  the  solvent ;  and  where  he  cannot  do  this,  he 
makes  a  reduction  on  the  hypothesis  that  the  relative  quantity  of 
the  solvent  has  no  influence.  He  makes  his  calculations  also  for 
white  light,  and  assumes  the  molecular  rotating  power  of  cane 
sugar  as  100.  .  '  " 

V  tabic  given  in  one  of  AVilhelmy's  papcrsf   is  so  good  an 
illustration   of  the  elaborate  investigations  that  have  been   made" 
into  this  subject,  that  I  have  reproduced  it  here. 


i. 
J. 


Sabftartce. 


Qnantity 
(iis«olred 


-  with  hydrochloric  acid 
n      .  . 
xylin 


miHitrr. 
4309 
1301 

» 

500 

1849 
2000 


Solvent. 


Water 
Alcohol 


» 
n 


♦  Pogs-  Ann.,  Ixxxi,  413,  499. 
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White 
I.i-'ht. 


+  32-5 
-16 

+  10) 

-9 


lied 

Li^'lit. 


+  25 


+  6 


bi 


Atomic 

wci^fht. 

0  =  100. 

Molecular 
rotating 

power. 

aviiite 

lif^ht.j 

2154-5 

+  100 

3005 

-332? 

• 

+  13-5 
-7 


t  Ibid,  lxx.\i,  527. 
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Substance 


Camphor 

Pliloridzin 

Quinine 


witli  nitric  acid 

with  phosphoric  acid 

Sulphate  of  quinine 

Valerate  of  quinine 
Ilydrocliiorate  of  quinine  . 
Ciuchonine  .. 

With  oxalic  acid 

with  jtho.sphoric  acid 

with  nitric  acid 


Quinoidine  . . 

with  nitric  acid 

with  phosphoric  acid. . 

with  hydrochloric  acid 

with  sulphuric  acid  .  . 

Brucine        . .  . .     - 

with  phosphoric  acid 

Narcotiue  with  sulphuric 

acid      "   . . 
Acetate  of  morphine 
Hydrochlorate  of  codeine  , 
Ethereal  oil  of  cubebs 
• —    „      valerian 

Balsam  of  copaiva  .  . 


} 


Qunntity 
iissulvcd 


Solvent. 


7560 


ruillii;r. 

6000 

2377 

1782 

891 

•  f 

1000 

500 
454 
494 
952 
930 
465 
374 

}f 

ft 


984 


936  . 

490 

578- 

.7460 

7480 


Alcohol 


» 
>> 

>> 


I  Water  &  i 

[sulp.  acid  I 

Alcohol 


}> 
ii 

» 
>> 
>t 
>f 
ft 


Water 


ft 

Alcohol 

Ether 


(    Etlier 
itwithalch. 


Dctcrcc  ol 

roliiuon. 

Atomic 

WiMght. 

0  =  100. 

Wlulc 
Lii;»it. 

1 

lU:d 

LlRMt. 

O 

o 

+  31 

+  22 

9G3-8 

-11 

-8-7 

2082-5 

-24 
-12-5 

-20 
-9-65 

}  2055-5 

-17 

,   , 

-15 

.  . 

-24'6 

-16-7 

-16 

-13 

-10 

+  12 

•   • 

1942 

+  12-5 

•  • 

•  • 

+  23-5 

•  • 

•    • 

+  20 

•  • 

•  • 

+  10 

+  9-5 

+  8 

+  9-75 

+  10 

+  10 

+  11-5 

-8 

•  • 

3448 

0 

+  5-5 

•  • 

4684 

-4 

-5 

-33-5 

-15-4 

-11-5 

Molecular 

rotating 

power. 

(^U'hite 

liiflit.) 


+  30-7 
-59-2 

-174 

-241-4 
-213 


+  315-8 
+  302 

+  295 
+  257 


-172-5 
+  169 


Influence  of  state  of  Aggregation. — The  only  substance  which 
has  been  examined  in  the  three  different  states  of  aggregation — 
the  solid,  liquid,  and  gaseous,  is  oil  of  turpentine,  and  it  has  been 
found  to  exhibit  the  power  in  each  of  these  states.  It  rotates  the 
plane  of  polarization  to  the  same  extent  when  frozen  as  when  in 
its  ordinary  liquid  condition;  but  Biot,  who  made  the  experiment 
on  the  vapour  of  turpentine,  was  nnalile  to  determine  whether  the 
power  was  then  altered  in  amount.  It  was  nece'ssaiy,  as  will  be 
readily  understood,  to  look  through  a  large  amount  of  the  vapour 
in  order  to  observe  any  effect  on  polarized  light ;  in  fact,  an  iron 
tube  15  metres,  that  is  50  feet,  long  was  employed  for  the 
experiment,  and  unfortunately  before  the  quantitative  determina- 
tion was  completed,  a  bm-st  of  flame  occurred,  and  gave  rise  to 
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a  coiirtajrration  which  the  philosopher  coukl  not  cxtiiij^uish  witliout 
the  assistance  of  the  public. 

Yet,  while  oil  of  turpentine  is  so  retentive  of  this  power,  its  very 
existence  in  some  other  substances  appears  to  depend  on  the 
manner  in  which  thev  are  ervstallized.  Thus  silica  does  not  show 
any  eflect  on  polarized  liijiit  a^  it  exists  in  the  opal,  or  indeed  in 
any  other  fomi  than  that  of  quartz-crystal. 

Influence  of  ternpernturc. — Just  as  the  refranj::ibility  of  a  sub- 
stance changes  with  alterations  of  the  tcmj)erature,  and  that  not 
pari  passu  with  the  ehanc^c  of  density,  so  also  tlie  amount  of 
rotatory  power  varies  under  like  circumstances.  There  arc  how- 
ever jjreat  differences  between  one  substance  and  another  in  this 
respect. 

Quartz  shows  an  increased  power  of  rotating  the  plane  of 
polarization  when  it  is  heated,  and  that  to  the  extent  of  108° 
or  1095°  for  an  elevation  of  70°  C.  of  temperature.  This 
crystal  is  known  to  expand  by  heat  differently  in  the  direction 
transverse  to  what  it  does  in  that  parallel  to  its  axis. 

Tartaric  acid  is  similarlv  affected,  and  that  to  such  an  extent 
that  15iot  found  himself  able,  by  reducing  the  temperature, 
actually  to  reverse  the  direction  of  the  rotation  in  solid  amorphous 
tartaric  acid,  the  right-handed  deviation  diminishing,  becoming 
nil,  and  the  left-handed  commencing  before  the  thermometer  sank 
to  3"  C. 

Grape-sugar  in  solution  is  much  effected  by  changes  of  tem- 
perature; and  in  saccharimetry  by  means  of  polarized  light, 
account  must  be  taken  of  this  circumstance.  Clerget,*  who 
has  studied  this  subject,  finds  that  the  power  of  rotation 
decreases — not  increases — as  the  temperature  rises,  and  that 
according  to  the  quantity  of  sugar,  quite  irrespective  of  the  pro- 
portion of  water;  indeed,  it  is  the  same  whether  100  parts  of 
water  dif^solve  1  or  l.?0  parts  of  sugar.  lie  found  the  decrease 
between  10°  C.  and  35°  C.  to  be  in  the  proportion  of  very  nearly 
100  to  91.  Willielmy  has  determined  it  for  a  much  longer 
range  of  temperature,  and  deduced  the  formula 

D'  =   D   [1    -    0012   (r   -   0] 

in   which   D  and  D'  represents  two  amounts  of  rotation   corre- 
sponding with  the  temperatures  t  and  /'. 

•  Ann.  Ch.  PhyH.,  [.3]  xxvi,  175. 
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Salts  of  quinine,  and  many  otlior  su])stanccs,  are  also  known  to 
vary  in  their  power  of  rotating  a  ray  of  polarized  light  accordingly 
to  the  temperature. 

Yet,  on  the  other  hand,  it  is  stated  that  the  essential  oil  of 
turpentine  has  exactly  the  same  power  at  55°  C.  as  at  10°  C,  and 
even  when  frozen. 

Injlucnce  of  Magnetism  or  Electricily. — I  cannot  help  alluding 
to  the  beautiful  discovery  of  Faraday,  that  a  polarized  ray  passing 
through  optically  inactive  bodies  may  be  caused  to  rotate  by  the 
magnetic  or  electric  force,  and  that  the  rotation  in  active  bodies, 
such  as  oil  of  turpentine,  may  be  altered,  or  even  reversed,  at 
will.  This  part  of  the  subject,  however,  I  must  not  pursue  further, 
as  it  belongs  purely  to  the  domain  of  physics. 

liifluence  of  Solution. — Substances  which  exhibit  circular  polari- 
zation arc  affected  by  solution  in  three  different  manners. 

1st.  There  are  substances,  as  chlorate  of  soda,  bromate  of  soda, 
and  the  double  acetate  of  uranic  oxide  and  soda,  the  crystals  of 
which  exhibit  evidences  of  circular  polarization,  but  are  perfectly 
inactive  when  dissolved  in  w  ater.*  These  bodies,  like  quartz,  appear 
to  owe  this  property  to  the  manner  in  which  their  molecules  are 
arranjired  in  the  cr\'stals. 

2nd.  There  are  other  substances,  all  of  them  organic,  which 
exhibit  the  same  polarizing  power,  whether  they  are  in  the  solid 
state  or  dissolved  in  some  optically  neutral  solvent,  such  as  water 
or  alcohol.  This  cannot  generally  be  determined,  as  in  most 
crvstals  of  such  bodies  the  phenomena  of  circular  polarization  are 
masked  by  the  double  refraction  ;  but  "  barley-sugar "  has  been 
found  to  have  the  same  or  nearly  the  same  power  of  rotation  as 
the  sugar  when  dissolved  in  water;  and  it  has  been  recently 
shown  that,  whatever  the  amount  of  water  in  which  it  is  dissolved, 
the  rotatory  power  of  sugar  is  rigorously  constant. t  Oil  of 
turpentine  belongs  to  this  class.  In  such  cases,  the  sid)stances 
seem  to  owe  their  power  of  rotating  the  plane  of  polarization  to 
the  very  structure  of  their  molecules. 

3rd.  There  are  other  substances  in  which  the  result  partakes  to 

*  Marbach,  Auu.  Ch.  Phys ,   [3]  xiiii,  252,  xliv,   41.     Biot  confirms  and  draw 
philosoplii'jal  deductions  from  these  experiments. 
+  Arndtzen.  Ann.  Ch.  Thys.,  [,Z\]  iv,  403. 
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a  certain  extent  of  botli  tliese  characters,  where,  indeed,  it  would 
seem  that  the  individual  action  of  tlic  moU'cuh^s  is  accompanied  in 
the  solid  state  bv  another  action  arisiiij'  from  their  reirular 
nrr»in«rcment.  Thus  sulphate  of  strychnine*  evaporated  at  a 
tcmi)erature  of  between  10°  C.  and  20°  C  fjivcs  a  salt  which 
contains  13  atoms  of  water.  It  crystallizes  in  the  system  of  the 
rectangular  prism  with  a  square  base,  and  is  of  such  a  form  as  to 
allow  the  recognition  of  the  circularly  polarizing  power.  It 
rotates  the  ray,  in  fact,  to  about  half  the  extent  that  left-handed 
quartz  does  ;  but  the  solution  of  sulphate  of  strychnine  in  water, 
though  it  also  rotates  the  plane,  does  so  only  to  ^^4th  or  -^^th.  part 
of  the  extent  to  which  these  crystals  do. 

Tartaric  acid  when  obtained  in  a  transparent,  solid,  amorphous 
state  by  mixing  it  with  boracic  acid,  was  found  to  exhibit  circular 
polarization  ;  but  different  proportions  of  water  cause  very  re- 
markable, and  as  yet  unexplained,  differences  in  the  optical 
character  of  a  solution  of  tartaric  acid.  The  plane  of  polarization 
of  the  green  rays  is  in  fact  caused  to  deviate  more  than  that  of 
any  other  colour,  and  Arndtzcn,  who  has  Morked  out  the  whole 
of  this  matter  with  much  care  and  ability,  found  m  hen  operating 
with  ordinary  (that  is  right-handed)  tartaric  acid  dissolved  in 
alcohol  instead  of  water,  that  he  could  obtain  a  left-handed 
rotation  for  the  blue  ravs.  The  same  observer  found,  in  reference 
to  camphor  dissolved  in  alcohol,  that  the  rotatory  power  augments 
with  the  refrangibility  of  the  rays  more  rapidly  than  in  the  case  of 
most  active  bodies,  and  that  the  rotatory  power  decreases  regularly 
with  the  concentration  of  the  solution. f 

Influence  of  Chemical  Comhi nation  or  Substitution. — In  most 
cases  this  property  appears  to  be  so  intimately  connected  with  the 
stnicture  of  tlic  molecule  itself,  that  it  is  unaffected,  or  little 
affected,  by  chemical  changes  of  an  important  character. 

Thus  an  optically  active  acid,  such  as  tartaric  acid,  will  carry 
its  rotatory  power  into  its  salts ;  and  similarly  an  optically  active 
base,  such  as  quinine,  will  exhibit  the  phenomena  of  circular 
polarization  wlien  combined  with  inactive  acids.  From  observa- 
tions on  neutral  and  bitartrate  of  potash  and  ammonia,  which  are 
isoraorphous,    PasteurJ    has   drawn   the   conclusion    that   when 

•  Deacloizeaux,  Ann.  Ch.  Phys.,  [3]  li,  301. 

t  Ann.  Ch.  Ph^B.,  [3]  liv,  403.     Biot  had  cxpcrimentwi  on  these  matters  pre- 
rioui'lT  ;  8«e  Ann.  Cb.  Fhyg.,  [3]  xixvi,  2r.7,  405. 
:  Inst.,  1850,  339. 
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quantities  of  isomor])lious  sa])stanccs  correspondinpj  to  the  equi- 
valents arc  dissolved  in  ccjual  (luautitics  of  water,  these  sohitions 
rotate  the  phine  of  ])olarization  to  an  equal  deg^ree.  Hut  it  must 
not  he  supposed  that  as  a  j]:eneral  rule  the  optically  inactive  hase 
or  acid  exerts  no  modifying  influciu*e  on  the  [ihcnomcna  exhi- 
hited  hy  the  active  element  with  which  it  is  eomhined.  A 
glance  at  the  ahovc  quoted  table  of  Willi  el  my  will  show  that 
it  is  otherwise.  Bouehardat*  has  given  numbers  which  indicate 
that  the  combination  of  camphoric  acid  with  soda  or  with 
ammonia  reduces  its  rotatory  power;  some  malates  have  a 
l)Ositive,  others  a  negative  rotation ;  and,  as  a  further  example, 
asparagine  if  dissolved  in  pure  water  or  in  alkidis  turns  the 
plane  of  polarization  to  the  left,  but  if  in  mineral  acids,  it  turns  it 
to  the  right. t 

Oxidation  even  does  not  necessarily  destroy  this  power,  for 
camphor  retains  it  when  it  has  been  oxidized  into  the  camphoric 
acid  just  alluded  to;  nor  does  tlie  substitution  of  a  compound 
radicle  for  hydrogen,  as  is  sliown  by  the  optical  properties  of 
cam})hovinicJ  and  camphomethylic  acids. §  The  conversion  of 
an  acid  into  an  amide,  and  that  again  into  the  corresponding 
amidogen-acid,  is  not  even  fatal  to  the  retention  of  this  optical 
power,  as  is  evidenced  by  the  activity  not  only  of  tartaric  acid,  l)ut 
also  of  tartramide  and  tartramic  acid;  and,  in  a  parallel  manner 
not  only  of  malic  acid,  but  also  of  malamide  and  malamic  acid — 
that  is,  asparagine  and  aspartic  acid.|| 

It  must,  however,  be  supposed  in  reference  to  every  circularly 
polarizing  substance,  that  there  is  some  amount  of  eheniical  change 
which  the  molecule  cannot  suffer  without  losing  this  property. 
In  the  case  of  the  two  acids  just  mentioned,  tartaric  and  malic, 
we  find  this  point  passed,  when  by  the  action  of  heat  they  are 
converted  into  other  acids,  with  evolution  of  part  of  their  con- 
stituent elements  :  for  pyrotartaric,  fumaric,  and  malcic  acids 
have  no  effect  on  the  polarized  beam.^  And  here  must  be  men- 
tioned one  of  Pasteur's  remarkable  observations.  From  fumarate 
of  ammonia,  which  is  inactive,  aspartic  acid  may  be  produced  ;  but 
this,  unlike  ordinary  aspartic  acid,  is  itself  inactive ;  and  again  from 
this  may  be  reproduced  malic  acid,  which  also  in  its  turn,  unlike 


* 


Comp.  rend.,  xxviii,  319.  t  Pasteur,  Ann.  Ch.  Phys.  [3]  xxxi,  67. 

I  Malaguti.  §  Loir,  Ann.  Ch.  Phys.,  [3]  xxxviii,  483. 

I  Pasteur,  Ann.  Ch.  Phys.  [3]  xxxviii,  437.  H  Ibid,  xxxi,  67. 
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that  derived  directly  from  the  plant,  has  nn  inHiiencc  on  tlic 
polarixed  lH\im.* 

As  yet  we  have  no  evidence  tliat  an  optically  active  snbstancc 
has  ever  been  artificially  prepared  from  one  that  is  optically 
inactive,  thongh  such  is  constantly  oecnrrin«:i:  in  nature.  The 
tartaric  acid  which  Liebigj  has  very  recently  prepared  has  been 
found  to  rotate  the  plane  of  j)olari/,ation  like  natural  tartaric  aeid,t 
but  then  it  mu>t  be  borne  in  mind  that  it  was  prepared  from 
milk-sugar,  which  is  itself  endowed  with  this  property.  It  will 
be  interesting  to  determine  whether  the  tartaric  acid  which 
Perk  in  and  Duppa  have  just  succeeded  in  preparing  from  succinic 
acid  exhibits  this  power,  for  succinic  acid  as  yet  is  not  classed 
among  those  bodies  which  display  it.  Yet  from  its  analoixy  to 
tartaric  and  malic  acids,  it  would  appear  highly  probable  that 
succinic  acid  should  rotate  the  polarized  beam.  A  specimen  said 
to  have  been  prepared  from  stearic  acid  was  found  by  me  to  be 
perfectly  inactive ;  but  it  is  quite  possible  that  the  succinic  acid 
prepared  from  malic  acid,  or  that  which  DcssaignesJ  announces 
he  has  prepared  from  tartaric  acid,  may  prove  capable  of  rotating 
a  ray  of  light. 

The  mutual  relationship  of  the  substances  here  referred  to  will 
Ix?  readilv  understood  bv  a  reference  to  the  followinff  table  : 

C  =  6;0  =  8  C  =  12;0  =  16 

Tartaric  acid   .         .     2IIO.C'^H,0,,,  C^H.Pg 

Malic  acid        .          .     2nO.C^U^()^  C^^h^s 

Succinic  acid   .         .     2HO.C8li406  C^^e^^ 

Tartramidc      .  ^h^  18^2^8  ^4^18^  2^4 

Asparagine       .  ^'8^J8^2^6  C^Hg^^Oa 

Tartramic  acid  HO.CJIfiNOy       (^H^NO., 

Aspartic  acid  .  IlO.CgllgNO,       C^IlyNO^ 

Pvrotartaric  acid      .       llO.C^Up^  CiH^Oa 

Furaaricacid.         .     2UOX\\lfi^  C,1I,0^ 

Maleicacid      .         .     2IIO.C8II2O6  C^H^O^ 

litlation  between  Crystalline  Form  and  the  power  of  Circular 
Polarization. — As  far  back  as  1820  Herschel  found  that  the 
crystals  of  right-handed  and  of  left-handed  quartz  differ  in  form, 
and  from  the  inclination  of  certain  facets  he  was  able  to  foretel 

•  Ann.  Ch.  Phy«.,  [3]  xxxiv,  30.  +  Bohn,  Ann.  Ch.  Ph arm.,  Jan.  1860. 

t  Compt.  ren<L,  April  16,  1860. 
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uliat  would  be  tlic  direction  of  tlic  rotation  in  any  particular 
specimen;*  but  it  was  reserved  for  Pasteur  to  show  that  this 
relation  between  the  crystalline  form  and  the  rotatory  power  is 
one  that  jrenerallv  obtains. 

It  is  well  known  that  the  law  of  symmetry  does  not  hold  good 
in  all  crystals.  These  exceptional  forms  have  been  termed  hemi- 
hedral.  It  will  sometimes  happen  also  that  a  substance  will 
crvstallize  in  two  forms  which  are  both  unsvmmetrical,  but  unsvm- 
metrical  in  opposite  directions — that  is  to  say,  the  one  form  will 
a})pear  identical  with  the  other  only  when  it  is  seen  reflected  in  a 
mirror.  Thcv  diftcr,  in  fact,  in  the  same  wav  as  one  side  of  our 
face  differs  from  the  other,  or  as  our  two  hands  differ.  These 
are  variously  called  not  superposable,  incongruous,  or  opposite 
hemihedra. 

From  an  observation  of  the  opposite  hemihedral  character  of 
crystals  of  the  double  racemate  of  soda  and  ammonia,  Pasteur 
commenced  that  series  of  obser\ations  which  led  him  to  the 
discovery  tliat  racemic  acid  is  composed  of  two  tartaric  acids, 
with  opposite  but  equal  powers  of  polarization,  conjoined  together 
as  one  substance ;  to  the  isolation  of  left-handed  tartaric  acid  ; 
to  the  artificial  preparation  of  racemic  acid ;  and  of  a  neutral  and 
unresolvable  tartaric  acidf — discoveries  which,  however  interesting, 
I  refrain  from  dwelling  on,  as  the  papers  in  which  they  are 
explained  have  been  printed  in  our  Quarterly  Journal,  and  arc 
well  known  to  chemists  in  this  country. 

The  same  philosopher  has  shown  by  a  great  number  of  in- 
stances that  when  a  substance  crj'stallizes  in  opposite  hemihedra, 
it  indicates  the  existence  of  two  opposite  powers  of  rotation,  and 
that  active  and  inactive  bodies  will  not  crystallize  together, 
however  isomeric. J  Yet  it  cannot  be  laid  down  as  a  universal 
law  that  this  property  of  matter  in  a  crystalline  state  is  always 
accompanied  with  the  power  of  circular  polarization,  for  formate 
of  strontia  gives  opposite  hemihedra,  but  neither  kind  of  crystal 
when  separated  from  the  other  and  dissolved,  has  any  influence 
on  polarized  light. ^  Sulphate  of  magnesia  is  an  analogous 
instance.     Nor,  on  the  other  hand,  can  it  hr  affirmed  that  this 

•  See  his  remarks  on  this  sultject  in  his  article  on  Light  in  the  Encyc.  Metrop., 
par.  1042,  in  which  he  almost  prophecies  more  recent  discoveries. 
.    t  Ann  Ch.  Phj-s.,  [3]  xxiv,  4-12  ;  xxviii,  -56,  and  Compt.  rend.,  xxxvii,162. 

X  Ann.  Ch.  Phys.  [3]  xxxviii,  437. 

§  Ibid,  xxxi,  67. 
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optical  property  is  necessarily  connected  with  the  power  of  forming 
sneh  crystals;  for  two  suli^luimylic  jicids  have  been  discovered 
which  are  isomeric,  and  absolutely  identical  in  the  crystalline 
form  of  their  salts,  without  showin«j  any  disposition  to  form 
hemihedra,  and  vet  the  one  is  active  and  the  other  inactive.* 

The  inactive  aspartic  acid  derived  from  fnmarate  of  ammonia 
does  not  crystallize  in  hemihedra,  as  the  ordinary  aspartic  acid 
does  ;  and  similarly  there  are  some  diiferences  in  the  crystalline 
forms  of  the  salts  of  the  natural  or  active,  and  of  the  artificial  or 
inactive  malic  acid. 

Mar  bach  t  has  observed  that  though  chlorate  of  soda  crystal- 
lizes in  opposite  hemihedra,  and  in  that  condition  exercises  an 
infiuence  on  the  polarized  beam,  yet  a  solution  of  either  right- 
handed  or  left-handed  crystals  alone  is  perfectly  inactive,  and  the 
salt  crvstallizes  out  from  such  a  solution  in  both  forms  instead  of 
that  only  from  which  it  was  made. 


Circular  Polarization  as  applied  to  Chemical  Inquiries. 

The  phenomena  of  circular  polarization  have  been  ai)plicd  to 
many  practical  purposes  in  chemical  research.  These  may  be 
conveniently  grouped  under  three  heads — the  quantitative  estima-- 
tion  of  certain  organic  products;  the  determination  of  what  is 
going  forward  in  a  solution;  and  the  examination  of  isomeric 
substances. 

Ist.   Quantitative  estimation  of  certain  organic  products. 

Cane  Hugar. — As  cane  sugar  dissolved  in  water  rotates  the  ray 
of  polarized  light  to  an  extent  directly  proportional  to  the  amount 
of  sugar  in  a  given  depth  of  liquid,  and  irrespective  of  the  amount 
of  water,  or  of  the  simultaneous  presence  of  optically  inactive 
substances,  this  property  is  frequently  made  use  of  to  effect 
a  quantitative  determination.*  ClergetJ  has  worked  out  this 
process  very  fully,  and  others§  have  since  somewhat  extended 
or  modified  his  observations.     Instruments  have  been  devised  for 


•  Compt.  rend.,  xlii,  1259. 

t  Ann.  Ch.  Phya.,  [3]  xlir,  41. 

X  Ibid,  xxvi,  175, 

§  Especially  Wilhelmy  and  Arndtzen,  in  papers previojisly  referred  to;  Pohl, 
Wien.  Acad.  Bericht  xxi,  492;  and  MichaeliB,  Joum.  Pharm.  Chcm.,  Ixxv^ 
464. 
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the  purpose  by  Biot,  Soleil,*  Savart,  Powell, t  Lceson,t 
IMitsclierlich,  but  the  simplest,  and  perhaps  the  most  eftcetive, 
is  a  modifieatiou  of  Biot's  apparatus  whieh  jNFr.  lleisch  employs, 
and  has  kindly  lent  me  on  this  oceasion.     Tt  consists  essentially 

ft  ft' 

of  three  parts — a  i)olarizer,  an  analyser,  and  a  tube  for  holding  the 
solution.  The  polarizer  is  aNieolPs  prism  and  plano-conyex  lens 
to  render  the  rays  parallel;  the  analyser  consists  of  a  small  aper- 
ture in  a  brass  plate,  a  lens,  and  an  achromatic  prism  of  doubly 
refracting  spar,  and  it  is  attached  to  the  vernier  of  a  graduated  circle. 
The  tube  through  which  the  polarized  beam  passes  between  the 
polarizer  and  the  analyser  is  a  narrow  tube  of  black  glass  ground 
in  the  inside  with  coarse  emery,  and  fitted  at  each  end  with  covers 
of  perfectly  parallel  glass.  Several  such  tubes  of  various  known 
lengtlis,  so  as  to  hold  different  quantities  of  liquid  are  provided, 
and  the  position  of  the  polarizer  and  analyser  can  be  easily 
adapted  to  each.  If  when  the  index  of  the  scale  is  at  0°,  and  the 
extraordinary  image  is  at  its  greatest  obscuration,  a  solution  of 
sugar  be  placed  in  the  tube,  it  is  easy  to  determine  how  much 
the  analyser  must  be  now  turned  round  in  order  to  bring  the 
extraordinary  image  again  to  its  greatest  obscuration,  or  rather 
to  the  "  sensitive  tint."  It  is  impossible  here  to  enter  into  the 
minutiae  of  the  apparatus,  or  of  the  treatment  of  the  solution; 
sutHce  it  to  say  that  lleisch  prefers  operating  by  lamp  light, 
and  has  found  that  it  requires  6*09  per  cent,  of  cane-sugar  to 
produce  a  rotation  of  1°  in  a  depth  of  1  inch:  hence  the  per- 
centage in  the  solution  examined  may  be  reckoned  according  to 
the  simple  formula 

p     =     G09  -^ 

a  representing  the  arc  of  rotation,  and  /  the  length  in  inches. 

An  ingenious  method  of  confirming  the  amount  of  cane-sugar 
in  a  solution,  or  of  determining  it  in  the  presence  of  other 
optically  active  bodies,  is  founded  on  the  property  possessed 
by  this  sugar  of  being  converted  by  acids  into  a  sugar  which 
exhibits    the    opposite   or    left-handed   rotation.      The   following 

*  The  English   reader  will   find   a   description  of  this  instrument  by  Dr.  Be  nee 
Jones  in  the  Fharm.  Journ.  and  Trans.,  xi,  455. 
+  rhil.  Mag.,  April,  1843. 
X  Mem.  Chcm.  Soc,  ii,  26. 
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fonmila    serves  for   this   inverted   sugar,    according   to   Ileiscli, 
at  15°  C. 


/ 

As  glucose  rotates  the  plaue  of  polarizatiou  to  the  right,  and  is 
not  capable  of  inversion  by  acids,  this  process  will  even  serve  to 
determine  the  respective  amounts  of  cane-sugar  and  glucose 
if  mixed  together  in  solution.  Or  the  same  may  be  effected  by 
determining  the  rotation  of  the  mixed  solution,  boiling  it  with 
potash,  whicli  destroys  the  glucose,  and  then  again  determining 
the  rotation  which  is  now  due  solely  to  cane-sugar. 

Other  sugars. — Bence  Jones*  has  published  analyses  of  the 
different  wines  of  commerce,  in  which  he  determined  the  grape- 
sugar  by  means  of  SoleiPs  saccharimeter. 

Poggialet  has  employed  a  similar  method  for  the  estimation 
of  the  amount  of  sugar  in  milk. 

Listing!  has  published  optical  determinations  of  the  sugar  in 
diabetic  m'ine.     The  formula  of  Heisch  for  this  sugar  is 

p     =     8-31G     ^ 


If  albumin  be  present,  it  must  be  removed,  as  it  possesses  itself 
an  influence  on  polarized  light. 

Albumin, — This  substance  may  likewise  be  estimated  by  means 
of  its  rotating  power,  and  A.  Becquerel§  has  in  fact  measured 
in  this  way  the  proportion  of  albumin  contained  in  the  scrum  of 
blood. 

2nd.  Determination  of  what  is  going  forward  in  a  solution. 
The  variations  in  the  plane  of  polarization  will  often  indicate 
changes  in  a  solution  which  could  not  be  watched  by  any  other 
method,  or  even  the  existence  of  which  might  never  otherwise 
have  been  recognized. 

Thus  Wilhelmyll  investigated  the  action  of  sulphuric,  phos- 
phoric, nitric,  and  hydrochloric  acids  on  cane-sugar,  and  examined 
mathematically  the  progress  of  the  change  with  reference  to  time. 
He  satiiilied  himself  that  the  final  result  of  the  conversion  of  the 
sugar  is  independent  of  the  quantity  of  acid  originally  added. 

*  Proc.  Koy.  Inst.    Vol.  i.  t  Compt.  rend,,  xxviii,  505,  584. 

X  Anu.  Ch.  Phann.,  xcvi,  93,  101.  §  Compt.  rend.,  xxix,  625. 

II  Pogg.  Ann.  Ixxxi,  413,  4<Ji^. 


GLADSTONE,    ON    CIRCULAR    POLA  KIZA  TION.  269 

Biot  iuvesti floated  a  very  curious  state  ot"  combination  between 
tartaric  acid  and  boracio  acid  when  they  are  both  dissolved 
together  in  water,  and  lie  endeavoured  to  determine  the  nature  of 
the  transformation  which  tartaric  acid  nnderji;oes  when  acted  on 
by  heat,  lie  has  applied  circular  polarization  also  more  widely 
to  the  study  of  the  question  of  the  condition  of  a  substance  in 
solution.  The  papers*  which  contain  these  inquiries  are  very 
lengthy,  and  include  much  philosophical  rellection  on  the  subject 
in  general. 

Thus  also,  from  some  observations  of  Bouchard  at  on  the 
effect  of  polarized  light  on  camphoric  acid,  the  same  saturated 
with  soda,  and  then  supersaturated  with  hydrochloric  acid,  I  was 
aide  to  derive  from  a  novel  source  an  additional  illustration  of 
the  reciprocal  decomposition  of  binary  compounds  in  solution. t 

BechampJ  too,  from  observations  with  the  polariscope,  arrived 
at  the  conclusion  that  crvstallizcd  starch  suj:rar  is  a  combination 
whicli  cannot  exist  indefinitely  except  in  the  solid  state,  and  that 
when  dissolved  in  water  it  loses  its  combined  water,  slowly  in  the 
cold,  Init  rapidly  under  the  influence  of  heat,  resembling  in  this 
respect  hydrated  oxide  of  copper  or  hydrated  oxide  of  iron  in  the 
presence  of  water.  In  fact  he  supposes  that  the  Cj2HjoOj2.2HO 
when  dissolved  passes,  during  the  lapse  of  a  certain  number  of 
hours,  wholly  into  ^\<^\cfy^<2.. 

3rd.  Examination  of  isomeric  substances. 

Reference  has  already  been  made  to  the  researches  of  Pasteur 
by  whicli  he  unravelled  the  relations  between  racemic  and  tartaric 
acids,  and  enriched  our  knowledge  of  many  organic  compounds 
by  exhibiting  isomeric  bodies  identical  with  them  save  in  their 
action  on  polarized  light,  and  perhaps  their  crystalline  form. 
Their  solubility  appears  also  in  some  instances  to  be  sliglitly 
affected.  His  discoveries  however  have  not  been  confined  to 
those  already  alluded  to.  Finding  that  there  exist  two  sulph- 
amylic  acids,  the  one  possessed  of  the  rotatory  power  and  the 
other  not  possessing  it,  he  was  able  by  their  decomposition  to 
produce  two  amylie  alcohols  differing  sliglitly  in  their  physical 
properties. §       His    very    original    examination    of    the    cinchona 

*  Ann.  Ch.  Phys.,  xxviii,  215,  351 ;  xxxvi,  257,  405. 
+  Chem.  Soc.  Qu.  J.,  ix,  148. 

X  Compt.  rend.,  xlii,  640.     Dubrunfaut  differs  from  this  explanation,  ihid,  739; 
but  Bcchamp  defends  his  own  view,  ihkl,  896. 
§  Comp.  rend.,  xlii,  1259. 
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alkaloids,  and  the  two  isomeric  *i:roups  at  the  head  of  which  stand 
quinine  and  einchonine,*  I  shall  only  just  refer  to,  as  his  paper 
was  repro(lnC(nl  in  our  Quarterly  Journal. f 

Different  isomeric  essential  oils  of  the  composition  C^li^  might 
be  distinjruishcd  bv  this  method,  but  the  data  seem  wanting  for 
the  ])raetical  application  of  circular  polarization  to  the  analysis 
of  them. 

Berthelot:|:  has  by  the  same  agency  investigated  a  very 
remarkable  change  that  takes  place  in  oil  of  turpentine,  or  oil  of 
lemons,  ])y  the  action  of  acids,  alkaline  or  earthy  chlorides,  or 
some  other  salts.  This  isomeric  modification  is  indicated  by  a 
reduction  of  the  rotatory  power  whether  positive  or  negative ;  it 
never  entirely  disappears,  but  there  are  grounds  for  believing 
that  the  result  is  a  mixture  of  unaltered  oil,  and  oil  which  has 
been  rendered  inactive.  It  is  not  necessary  that  the  salt  which 
produces  this  singular  change  should  dissolve  in  the  oil,  for  even 
the  insoluble  fluoride  of  calcium  has  a  strongly  marked  effect. 


XXIV.— ON  CHEMICAL  ANALYSIS  BY  SPECTRUM- 

OBSERVATIONS. 

By  Professors  KIRCHTIOFF  and  BUNS  EN. 

(From  PofrjcndorfiPs  Aiinalcn,  BJ.  ex.  S.  101.) 


IT  is  well  known  that  many  substances  possess  the  power  of 
developing  peculiar  bright  lines  in  the  spectrum  of  a  flame 
into  ^^hich  they  are  introduced.  This  property  may  be  made  the 
foundation  of  a  method  of  qualitative  analysis,  which  greatly 
enlarges  the  field  of  chemical  reactions,  and  leads  to  the  solution 
of  problems  hitherto  unapproachable. 

The  bright  lines  produced  in  this  manner,  show  themselves 
most  plainly  when  the  temperature  of  the  flame  is  highest  and 
its  illuminating  power  least.  Hence  Bunsen's  gas-burner,  which 
^ves  a  flame  of  very  high  temperature  and  very  slight  luminosity, 
is  well  adapted  for  experimQuts  on  the  bright  lines  of  the  flame- 
spectra  produced  as  above  described. 

The  coloured  plate  at  the  end  of  this  paper,  shows  the 
spectra  given  by  such  a  flame  when  the  chemically  pure  chlorides 
of  potassium,  sodium,  lithium,  strontium,  calcium,  and  barium  are 

♦  Comp.  rend  ,  xxxvii,  110.  +  Vol.  vi,  p.  273. 

:;:  Ann.  Ch.  Pbya.,  [3]  xxxviii,  38. 
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volatilised  ill  it.     Tlie  ordinary  solar  spectrum  is  added  by  way  of 
comparison. 

The  potassium  compound  employed  was  obtained  by  igniting 
chlorate  of  potassium  which  had  been  previonsly  recry stall ized 
six  or  eight  times.  The  chloride  of  sodium  was  prepared  by 
neutralizing  pure  carbonate  of  sodium  with  hydrochloric  acid  and 
crystallizin":  the  salt  several  times. 

The  salt  of  lithium  was  purilied  by  precipitation  fourteen  times 
with  carbonate  of  ammonium. 

The  purest  specimen  of  marble  which  could  be  obtained,  dissolved 
in  hydrochloric  acid,  was  the  source  of  the  calcium  salt.  From 
this  solution  the  carbonate  of  calcium  was  thrown  down  in  two 
portions  by  fractional  precipitation  with  carbonate  of  ammonium, 
the  latter  half  of  the  calcium  salt  being  converted  into  the  nitrate. 
The  salt  thus  obtained  was  dissolved  in  absolute  alcohol,  and  after 
evaporation  of  the  alcohol,  converted  into  the  chloride  by  precipi- 
tation with  carbonate  of  ammoniuui  and  solution  in  hydrochloric 
acid. 

To  obtain  pure  chloride  of  barium,  the  commercial  salt  was 
boiled  out  repeatedly  with  nearly  absolute  alcohol,  and  the  residual 
salt  freed  from  alcohol  was  dissolved  in  water,  and  thrown  down 
by  fractional  precipitation  in  two  portions.  The  second  only  of 
these  portions  was  dissolved  in  hydrochloric  acid,  and  the  salt  still 
further  purified  by  repeated  crystallizations. 

Pure  chloride  of  strontium  was  prepared  by  crystallizing  the 
commercial  salt  several  times  from  alcohol,  and  by  fractional  pre- 
cipitation of  the  salt  with  carbonate  of  ammonium,  the  second 
portion  being  dissolved  in  nitric  acid,  and  the  nitrate  freed  from 
the  last  traces  of  calcium  salt  by  boiling  with  alcohol.  The  pro- 
duct thus  purified  was  lastly  thrown  down  with  carbonate  of 
ammonium,  and  the  precipitate  dissolved  in  hydrochloric  acid. 
All  these  various  purifications  were  conducted  as  much  as  possible 
in  platinum  vessels. 

The  apparatus  which  we  have  usually  employed  for  our  spectrum- 
observations  is  represented  in  the  annexed  woodcut.  A  is  a  box 
blackened  on  the  inside,  having  its  horizontal  section  in  the  form 
of  a  trapezium,  and  resting  on  three  feet ;  the  two  inclined  sides 
of  the  box,  which  are  placed  at  an  angle  of  about  58^  from  each 
other,  carry  the  two  small  telescopes  B  and  C.  Tlie  eye-piece 
of  the  first  telescope  is  removed,  and  in  its  place  is  inserted  a 
plate,  in  which  a  slit  made  by  two  brass  knife-edges  is  so  arranged 
that  it  coincides  with  the  focus  of  the  object-glass.  The  gas-lamp 
D  stands  before  the  slit  in  a  position  such  that  the  mantle  of  the 
flame  is  in  a  straight  line  with  the  axis  of  the  telescope  B.  Some- 
what lower  than  the  point  at  which  the  axis  of  the  tube  produced 
meets  the  mantle,  the  end  of  a  fine  platinum  wire  bent  round  to  a 
hook  is  placed  in  the  flame.     The  platinum  wire  is  supported  in 


272         PKOFKSSORS  KIUCiniorK   AND   IJUNSKX  ON  CHEMICAL 


this  position  by  a  small  lioldor,  E,  and  on  to  tlic  hook  is  molted  a 
jjlobidc  of  the  dried  chlori(h*  w  hieh  it  is  required  to  examine. 
Between  the  ol)jeet-i2:las9es  of  tlie  teU^scopes  H  and  C  is  placed  a 
hollow  prism,  F,  filled  with  bisulphide  of  eavbon,  and  havinp:  a 
refracting  angle  of  60^.  The  prism  rests  npon  a  brass  plate  move- 
able about  a  vertical  axis.  The  axis  carries  on  its  lower  part  the 
mirror  G,  and  above  that  the  arm  II,  which  serves  as  a  handle  for 


tnrnin«:  the  prism  and  mirror.  A  small  telescope  placed  some 
way  off  is  directed  towards  the  mirror,  and  through  this  telescope 
an  image  of  a  horizontal  scale,  fixed  at  some  distance  from  the 
mirror,  is  ohserved.  By  turning  the  prism  round,  every  colour  of 
the  spectrum  may  be  made  to  move  past  the  vertical  wire  of  the 
telescope  C,  and  any  required  position  in  the  spectrum  thus  brought 
to  coincide  with  this  vertical  line.  Each  particular  portion  of  the 
spectrum  thns  corresponds  to  a  certain  point  on  the  scale.  If  the 
luminosity  of  the  spectrum  is  very  small,  the  wire  of  the  telescope 
C  may  be  illuminated  by  means  of  a  lens,  which  throws  a  portion 
of  the  rays  from  a  lamp  through  a  small  opening  in  the  side  of  the 
tube  of  the  telescope  C. 

We  have  eomi)ared  the  spectra  represented  on  the  Plate,  which 
were  obtained  from  the  pure  chlorides,  with  those  produced  when 
the  hromides,  iodifles,  hydrates,  sulphates  and  carbonates  of  the 
several  metals  are  brouglit  into  the  following  flames : — 

Into  the  flame  of  Bulphar. 

„  „  bifiulphifle  of  carbon. 

„  „  aqueous  alcohol. 

Into  the  non  Inminotis  flame  of  coalga?. 
Into  the  flame  of  carbonic  oxi'le. 

„  hydrogen. 

Into  the  oxyhydrogen  flame. 

As  the  result  of  these  somewhat  lengthy  experiments,  the  details 
of  which  we  here  omit,  it  appears  that  neither  the  alteration  of 
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the  bodies  with  wliicli  the  several  metals  mav  be  combined,  nor 
the  variety  of  the  elieniical  processes  occurring  in  the  several 
flames,  nor  the  wide  diflerences  of  temperature  which  tliesc  flames 
exhibit,  produce  any  effect  upon  the  position  of  the  bright  tines  in 
the  spectrum  which  are  characteristic  of  each  metal. 

The  following  considerations  show  how  much  the  temperature 
of  these  various  flames  diflcr.  An  approximation  to  the  tempera- 
ture of  a  flame  is  obtained  by  help  of  the  equation. 

in  which  /  signifies  the  required  temperature  of  the  flame,  //  the 
weight  of  one  constituent  of  substance  burning  in  oxygen,  w  the 
heat  of  combustion  of  this  constituent,  p  the  weight,  and  s  the 
specific  heat  of  one  of  the  products  of  combustion.  The  heat  of 
combustion  of  the  following  bodies  mav  be  taken  as — 

Sulphur 2240**C. 

Bisulphide  of  carbon 3400 

Hydrogen 34462 

Marsh-gas 13063 

Ethylene 11640 

Butylcne 11529 

Carbonic  oxide 2403 

The  specific  heats  under  constant  pressure  were  found  by 
Regnault  to  be — 

Sulphurous  acid  =01553 
Carbonic  acid  =  02164 
Nitrogen  =  0*2440 

Aqueous  vapour  =  0*4750 

Hence  the  temperatures  of  the  flames  are  found  to  be — 

The  sulphur  flame 1820  C. 

The  bisulphide  of  carbon  flame 2195 

The  coal-gas  flame* 2350 

The  carbonic  oxide  flamet 3042 

The  hydrogen  flame  in  air:J:   3259 

The  oxyhydrogen  flame§ 8061 

It  was  found  that  the  same  metallic  compound,  placed  in  one  of 
these  flames,  gives  a  more  intense  spectrum  the  higher  the  tempe- 
rature of  the  flame.  In  the  same  flame,  those  compounds  of  a 
metal  give  the  brightest  spectra  which  are  most  volatile. 

In  order  to  prove  still  more  conclusively  that  each  of  the  above- 
mentioned  metals  always  produces  the  same  bright  lines  in  the 
spectrum,  we  have  compared  the  spectra  represented  in  the  Plate 
with  those  produced  when  the  electric  spark  passes  between 
electrodes  made  of  these  metals. 

Small  pieces  of  sodium,  potassium,  lithium,  strontium,  and 
calcium  were  fastened  to  fine  platinum  wires  and  melted  two  by 

*  Ann.  Ch.  Pharm.  cxi.  258. 

t  Bunsen's 'Gasometrv.' p.  242.  +  Ibid.  §  Ibid. 
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two  into  i^lass  tubes,  so  that  the  pieces  of  metal  were  separated  hy 
about  1  to  2  u\illiuis.,  and  tlic  phitiuuui  wires  were  nu^lted  throu<;h 
the  si(U^s  of  tl»e  ^hiss  tul)es.  Each  of  tliese  tubes  was  phiccd  in 
front  of  tlic  spcctruui-instrumcnt,  and  l)v  means  of  a  l{.ulnnkorli''s 
induction  apparatus,  sparks  were  allowed  to  pass  between  the 
pieces  of  metal  inside  tlie  tube  ;  the  spectrum  tlnis  produced  was 
tl.cn  compared  with  that  given  by  a  j;as  Hame  into  which  the 
chloride  of  the  metal  was  brou^^ht.  The  Hame  was  placed  behind 
tlic  irlass  tube.  By  alternately  brin<xin}^  the  induction  apparatus 
into  and  out  of  action,  it  was  easy,  without  measuring;,  to  convince 
oursrlvcs  that  in  the  brilliant  spectrum  of  the  electric  spark,  the 
brijrht  lines  of  the  flame-spectrum  were  present  in  their  normal 
position.  Besides  these  lines,  other  bright  ones  appeared  in  the 
electric  spark  spectrum  ;  some  of  these  were  produced  by  foreign 
metals  pres(  nt  in  the  electrodes ;  others  arose  from  nitrogen, 
which  filled  the  tubes  after  the  oxvsren  had  combined  with  a 
portion  of  the  electrodes.* 

From  these  facts  it  appears  certain  that  the  appearance  of  the 
bright  lines  represented  in  the  spectra  on  the  Plate  may  be 
regarded  as  absolute  proof  of  the  presence  of  the  particular  metal. 
They  serve  as  reactions  by  means  of  which  these  bodies  may  be 
recognized  with  more  certainty,  greater  quickness,  aiul  in  far 
smaller  quantities  than  can  be  done  by  help  of  any  other  known 
analytical  method. 

The  spectra  drawn  on  the  Plate  represent  those  seen  when  the 
vslit  was  of  such  a  width  that  only  the  most  conspicuous  of  the 
lines  of  the  solar  spectrum  were  visible,  the  magnifying  power  of 
the  telescope  C  being  a  fourfold  one,  and  the  light  of  a  moderate 
degree  of  intensity.  These  circimi stances  seem  to  us  to  be  the 
most  advantageous  when  it  is  required  to  make  a  chemical  analysis 
by  means  of  sjiectrum-obsenations.  The  appearance  of  the  spec- 
trum may,  under  other  conditions,  be  essentially  different.  If  the 
purity  of  tlie  spectrum  be  increased,  many  of  those  lines  which 
aj)pcared  before  as  single  ones  are  split  up  into  several ;  thus  the 
sodium  line  is  divided  into  two  separate  lines.  If,  o>i  the  other 
hand,  the  intensity  of  the  li'^ht  be  increased,  new  lines  appear 
in  several  of  the  spectra  and  the  relative  brightness  of  the  old 
ones  becomes  altered.  In  general  an  indistinct  line  becomes 
brighter  upon  increasing  the  illumination,  more  rapidly  than  a 
brighter  line,  but  not  to  such  an  extent  that  the  indistinct  line 
ever  overtakes  the  brighter  one  in  intensity.  A  good  example 
of  this  is  seen  in  the  two  lithium   lines.     We  have  observed  only 

•  <Jn  c  ui^  on  one  occasion   with   Ktrontium-elcctrodes  a  tube  filled  with 

1,  .-.-..  r,  gf  nitrogen,  the  stream  of  f^parks  changerl  rapidly  into  a  continuous 

-t  a  grey  pellicle  covered  the  iii»ide  of  the  tube.  The  tube  was 
opened  under  rock-oil,  whca  it  was  found  to  be  empty,  the  hydrogen  having  disap- 
peared. This  gas  appears,  at  the  enormously  high  temperature  of  the  electric  npark, 
to  have  decomposed  the  oxide  of  strontium  which  was  not  completely  removed  from 
the  metal. 
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one  exception  to  tliis  rule,  namely  in  the  line  Ba  ?;,  which  by 
liiiht  of  small  intensity  is  scarcely  visible,  wliilst  Ba  7  appears 
plainly,  but  by  lijJ^ht  of  greater  intensity  becomes  more  visible 
than  the  latter.  We  intend  on  a  future  occasion  to  examine 
this  point  in  detail. 

AVe  now  proceed  to  describe  the  peculiarities  of  tlie  several 
spectra,  the  exact  acquaintance  with  which  is  of  practical  import- 
ance, and  to  point  out  the  advantages  which  this  new  method  of 
chemical  analysis  possesses  over  the  older  processes. 

Sodiiun. 

The  spectrum-reaction  of  sodium  is  the  most  delicate  of  all. 
The  yellow  line  Na  a,  the  only  one  which  appears  in  the  sodinm 
spectrum,  is  coincident  with  Fraunhofer's  dark  line  D,  and  is 
remarkable  for  its  exactly  defined  form,  and  its  extraordinary 
brightness.  If  the  temperature  of  the  iiamc  be  very  high,  and 
the  quantity  of  the  substance  employed  very  large,  traces  of 
a  continuous  spectrum  arc  seen  in  the  immediate  neighbourhood 
of  the  line.  In  this  case  too,  the  weaker  lines  produced  by 
other  bodies,  when  near  the  sodium  line,  are  discerned  with 
difficulty,  and  are  often  not  seen  till  the  sodium  reaction  has 
almost  subsided. 

The  reaction  is  most  visible  in  the  sodinm-salts  of  oxygen, 
chlorine,  iodine,  bromine,  snlphuric  acid,  and  carbonic  acid  ;  but 
it  is  always  evident,  even  in  the  silicates,  borates,  phosphates,  and 
other  non-volatile  salts. 

Swan*  has  already  remarked  npon  the  small  quantity  of  sodium 
necessary  to  iiroducc  the  vellow  line. 

The  following  experiment  shows  tliat  the  chemist  possesses  no 
reaction  which  will  bear  the  remotest  comparison,  as  regards 
delicacy,  with  this  spectrum-analytical  determination  of  sodium. 
In  a  far  corner  of  onr  experiment  room,  the  capacity  of  which  w^as 
abont  60  cubic  metres,  we  burnt  a  mixture  of  3  milligrammes  of 
chlorate  of  sodium  w^th  milk-sngar,  whilst  the  non-luminous  flame 
of  the  lamp  was  observed  through  the  slit  of  the  telescope. 
Within  a  few  minutes,  the  flame,  which  gradually  became  pale 
yellow,  gave  a  distinct  sodium  line,  lasting  for  ten  minutes,  and 
then  entirely  disappearing.  From  the  weight  of  sodium  salt 
burnt,  and  the  capacity  of  the  room,  it  was  easy  to  calculate  that 
in  one  part  by  weight  of  air  there  was  suspended  less  than  ^,/^,,^^ 
of  a  part  of  soda-smoke.  As  the  reaction  can  be  quite  easily 
observed  in  one  second,  and  as  in  this  time  the  quantity  of  air 
which  is  heated  to  ignition  by  the  flame  is  found,  from  the  rate  of 
issue  and  from  the  composition  of  the  gases  of  the  flame,  to  be 
only  about  50  cub.  cent,  or  O'OBiT  grm.  of  air,  containing  less 
than  r— 5 —  of  sodium  salt,  it  follows  that  the  eve  is  able  to  detect 

*  Trans.  Roy.  Soc.  Edinb.  vol.  xxi.  Part  III.  p.  411. 


t76         PROFESSORS  KIRCTTHOFF  AND  BUNSEN  ON  CHEMICAL 

with  the  greatest  case  quantities  of  sodium  salt  less  than  3;^;^  of  a 
milligramme  in  weight.  AVith  a  reaction  so  delicate,  it  is  easy  to 
understand  wliv  a  sodium  reaction  is  almost  always  noticed  in 
ignited  atmospheric  air.  JNIore  than  two-thirds  of  the  earth's 
surface  is  covered  with  a  solution  of  chloride  of  sodium,  fine 
particles  of  which  are  continually  being  carried  into  the  air  by 
the  action  of  the  waves.  The  particles  of  sea-water  thus  cast 
into  the  atmosphere,  evaporate,  leaving  almost  inconceivably  small 
residues,  which,  floating  about,  are  almost  always  present  in  the 
air,  and  are  rendered  evident  to  our  eyesight  in  the  sunbeam. 
These  minute  particles  perhaps  serve  to  supply  the  smaller  organ- 
ized bodies  with  the  salts  which  larger  animals  and  plants  obtain 
from  the  ground ;  bat  there  is  also  another  point  of  view,  in  which 
the  presence  of  this  chloride  of  sodium  in  the  air  is  of  interest.  If^ 
as  is  scarcely  doubtful  at  the  present  time,  the  explanation  of  the 
spread  of  contagious  disease  is  to  be  sought  for  in  some  peculiar 
contact-action,  it  is  possible  that  the  presence  of  an  antiseptic 
substance  like  chloride  of  sodium,  even  in  almost  infinitely  small 
quantities,  may  not  be  without  influence  upon  such  occurrences  in 
the  atmosphere.  By  means  of  daily  and  long-continued  spectrum 
observations,  it  would  be  easy  to  discover  whether  the  alteration 
of  intensity  in  the  line  jSTa  a  produced  by  the  presence  of  sodium- 
compounds  in  the  air,  has  any  connection  with  the  appearance  and 
direction  of  march  of  an  endemic  disease. 

The  unexampled  delicacy  of  the  sodium  reaction  explains  also 
the  well-observed  fact,  that  all  bodies,  after  a  lengthened  exposure 
to  air,  show  the  sodium  line  when  brought  into  a  flame,  and  that 
it  is  only  in  a  ^e\Y  salts  that  it  is  possible  to  get  rid  of  the  last 
traces  of  the  line  Na  a,  even  after  repeated  crystallization  from 
water  which  has  only  been  in  contact  with  platinum.  A  thin 
platinum  wire,  freed  by  ignition  from  every  trace  of  sodium  salt, 
shows  the  reaction  most  ^dsibly  after  a  few  hours'  exposure  to  the 
air.  In  the  same  way,  the  dust  which  settles  from  the  air  in  a 
room,  shows  the  bright  line  Na  a  :  to  render  this  evident  it  is 
only  necessary  to  knock  a  dusty  book,  for  instance,  at  a  distance 
of  some  feet  from  the  flame,  when  a  wonderfully  bright  flash  of 
the  yellow  band  is  seen. 

Lithium, 

The  luminous  ignited  vapour  of  the  lithium  compounds  gives 
two  sharply  defined  lines,  the  one  a  very  weak  yellow  line,  Li  /8, 
and  the  other  a  bright  red  line,  Li  a.  This  reaction  likewise 
exceeds  in  certainty  and  delicacy  all  ordinary  methods  of  ana- 
lytical research.  It  is,  however,  not  quite  so  sensitive  as  the 
sodium  reaction,  only,  perhaps,  because  the  eye  is  more  adapted  to 
distinguish  yellow  than  red  rays.  When  9  milligrammes  of 
rarbonate  of  lithium  mixed  with  excess  of  milk-sugar  were  burnt, 
the  reaction  was  visible  in  a  room  of  60  cubic  metres  capacity. 
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Hence,  by  the  method  already  explained,  we  find  that  the  eye  is 
capable  of  distinguishing  with  absolute  certainty  a  quantity  of 
carbonate  of  lithium  less  than  j^jj—  of  a  milligramme  in  weight : 
0-05  grm.  of  carboiiate  of  lithium  salt,  l)urnt  in  the  same  room, 
was  sutficient  to  enable  the  ignited  air  to  show  the  red  line  Li  a 
for  an  hour  after  the  combustion  had  taken  place. 

The  compounds  of  lithium  with  oxygen,  iodine,  bromine,  and 
chlorine  are  the  most  suitable  for  the  purpose ;  still  the  carbonate, 
sulphate,  and  even  the  phosphate  give  almost  as  distinct  a  reaction. 
Minerals  containing  lithium,  such  as  triphylline,  triphane,  petalite, 
lepidolitc,  require  only  to  be  held  in  the  flame  in  order  to  obtain 
the  bright  line  Li  a  in  the  most  satisfactory  manner.  In  this  way 
the  presence  of  lithium  in  many  felspars  can  be  directly  shown, 
as,  for  instance,  in  the  orthoclase  from  Baveno.  The  line  is  seen 
for  a  few  moments  only,  directly  after  the  mineral  is  brought  into 
the  flame.  In  the  same  way,  the  mica  from  Altenberg  and  Penig 
was  found  to  contain  lithium,  whereas  micas  from  Miask,  Ashaffen- 
burg,  Modum,  Bengal,  Pennsylvania,  &c.,  were  found  to  be  free 
from  this  metal.  In  natural  silicates  which  contain  only  small 
traces  of  lithium,  this  metal  is  not  observed  so  readily.  The 
examination  is  then  best  conducted  as  follows : — A  small  portion 
of  the  substance  is  digested  and  evaporated  with  hydrofluoric  acid 
or  fluoride  of  ammonium,  the  residue  moistened  with  sulphuric 
acid  and  heated,  the  dry  mass  being  dissolved  in  absolute  alcohol. 
The  alcoholic  extract  is  then  evaporated,  the  dry  mass  again 
dissolved  in  alcohol,  and  the  extract  allowed  to  evaporate  on  a 
shallow  glass  dish.  The  solid  pellicle  which  remains  is  scraped  oft' 
with  a  fine  knife,  and  brought  into  the  flame  upon  the  thin 
platinum  wire.  For  one  experiment,  J^  of  a  milligramme  is  in 
general  quite  a  sufficient  quantity.  Other  compounds  besides  the 
silicates,  in  which  small  traces  of  lithium  require  to  be  detected, 
are  transformed  into  sulphates  by  evaporation  with  sulphuric  acid 
or  otherwise,  and  then  treated  in  the  manner  described. 

In  this  way  we  arrive  at  the  unexpected  conclusion,  that  lithium 
is  most  widely  distributed  throughout  nature,  occurring  in  almost 
all  bodies.  Lithium  was  easily  detected  in  40  cubic  centimetres 
of  the  water  of  the  Atlantic  Ocean,  collected  in  41°  41'  N.  lati- 
tude, and  39°  14'  W.  longitude.  Ashes  of  marine  plants  (kelp), 
driven  by  the  Gulf-stream  on  the  Scotch  coasts,  contain  evident 
traces  of  this  metal.  All  the  orthoclase  and  quartz  from  the 
granite  of  the  Odenwald  which  we  have  examined  contain  lithium. 
A  very  pure  spring  water  from  the  granite  in  Schlierbach,  on  the 
west  side  of  the  valley  of  the  Neckar,  was  found  to  contain  lithium, 
■^vhereas  the  water  from  the  red  sandstone  which  supplies  the 
Heidelberg  laboratory  was  shown  to  contain  none  of  this  metal. 
Mineral  waters,  in  a  litre  of  which  lithium  could  hardly  be 
detected  by  the  ordinary  methods  of  analysis,  gave  plainly  the  line 
Li  a,  even  if  only  a  drop  of  the  water  on  a  platinum  wire  was 


278         PKOFESSORS  KIRCHHOFF  AND  BUNSEN  ON  CHEMICAL 

brought  into  the  flame.*  All  the  ashes  of  plants  growing  in  the 
Odenwald  oq  a  granite  soil,  as  well  as  Russian  and  other  potashes, 
contain  lithium.  It  was  found  also  in  the  ashes  of  tabacco,  of  vine 
leaves,  of  the  wood  of  the  vine,  and  of  grapes,t  as  well  as  in  the 
ashes  of  the  crops  grown  in  the  Rhine-plain  near  Waghausel, 
Deidesheim,  and  Heidelberg,  on  a  non-granitic  soil.  The  milk  of 
the  animals  fed  upon  these  crops  also  contains  lithium. J 

It  is  scarcely  necessary  to  say  that  a  mixture  of  volatile  sodium 
and  lithium  salts  gives  the  reaction  of  lithium  alongside  that  of 
sodium  with  a  scarcely  perceptible  diminution  of  precision  and 
distinctness.  The  red  lines  of  the  former  substance  are  still 
plaiDly  seen  when  the  bead  contains  ywit'o  P^^'^  ^^  lithium  salt,  and 
when  to  the  naked  eye  the  yellow  soda-flame  appears  untinged  by 
the  slightest  trace  of  red.  In  consequence  of  the  somewhat 
greater  volatility  of  the  lithium  salt,  the  sodium  reaction  lasts 
longer  than  that  of  the  other  metal.  In  those  cases,  therefore,  in 
"which  small  quantities  of  lithium  have  to  be  detected  in  presence 
of  large  quantities  of  sodium,  the  bead  must  be  brought  into  the 
flame  whilst  the  observer  is  looking  through  the  telescope.  The 
lithium  lines  are  often  seen  only  for  a  few  moments  amongst  the 
first  products  of  the  volatilization. 

In  the  production  of  lithium  salts  on  the  large  scale,  in  the 
proper  choice  of  a  raw  material,  and  in  the  arrangement  of  suitable 
methods  of  separation,  this  spectrum-analysis  afl^ords  most  valuable 
aid.  Thus  it  is  only  necessary  to  place  a  drop  of  mother-liquor 
from  any  mineral  spring  in  the  flame  and  to  observe  the  spectrum 
produced,  in  order  to  show  that  in  many  of  these  waste  products 
a  rich  and  hitherto  unheeded  source  of  lithium  salts  exists.  In  the 
same  way,  during  the  course  of  the  preparation,  any  loss  of  lithium 
in  the  collateral  products  and  residues  can  be  easily  traced,  and 
thus  more  convenient  and  economical  methods  of  preparation  may 
be  found  to  replace  those  at  present  employed.  § 

Potassium. 

A'^olatile  potassium  compounds  give,  when  placed  in  the  flame,  a 
widely  extended  continuous  spectrum,  which  contains  only  two 
characteristic  lines,  namely  one  line,  Ka  a,  in  the  outermost  red 

*  AVhen  liquids  have  to  be  brought  into  the  flame,  it  is  best  to  bend  the  end  of 
the  platinum  wire,  of  the  thickness  of  a  horsehair,  to  a  small  ring,  and  to  beat  this 
ring  flat.  If  a  drop  of  liquid  be  brought  into  this  ring,  enough  adheres  to  the  wire 
for  the  experiment. 

t  In  the  manufactories  of  tartaric  acid,  the  mother-liquors  contain  so  much 
lithium  salts  that  considerable  quantities  can  thus  be  prepared. 

X  Dr.  Folwarczny  has  been  able,  by  help  of  the  line  Li  a,  to  detect  lithium  in 
the  ash  of  human  blood  and  of  muscular  tissue. 

§  We  obtain  by  such  an  improved  method  from  two  jars  (about  4  litres)  of  a 
mother-liquor  from  a  mineral  spring,  which  by  evaporation  with  sulphuric  acid  gave 
\^2  of  residue,  half  an  ounce  of  carbonate  of  lithium  of  the  purity  of  the  commercial, 
the  cost  of  which  is  about  140  florins  the  pound,  A  great  number  of  other  mineral- 
spring  mother-liquors  which  we  examined  showed  d  similnr  richness  in  compounds 
of  lithium. 
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approaching  the  ultra-red  rays,  exactly  coinciding  with  the  dark 
line  A  of  the  solar  spectrum,  and  a  second  line,  K  a  /3,  situated  far 
in  the  violet  rays  towards  the  other  end  of  the  spectrum,  and  also 
identical  with  a  particular  dark  line  observed  by  Fraunhofer.  A 
very  indistinct  line  coinciding  with  Fraunhofer's  line  B,  which, 
however,  is  seen  only  when  the  light  is  very  intense,  is  not  by  any 
means  so  characteristic.  The  violet  line  is  somewhat  pale,  but 
can  be  used  almost  as  well  as  the  red  line  for  the  detection  of 
potassium.  Owing  to  the  position  of  these  two  lines,  both  situated 
near  the  limit  at  which  our  eyes  cease  to  be  sensitive  to  the  rays, 
this  reaction  for  potassium  is  not  so  delicate  as  the  reaction  for 
the  two  metals  already  mentioned.  It  became  visible  in  the  air 
of  our  room  when  one  gramme  of  chlorate  of  potassium  mixed 
with  milk-sugar  was  burnt.  In  this  way,  therefore,  the  eye 
requires  the  presence  of  y-ooit  ^^  ^  milligramme  of  chlorate  of 
potassium  in  order  to  detect  the  presence  of  potassium. 

Caustic  potash,  and  all  compounds  of  potassium  with  volatile 
acids,  give  the  reaction  without  exception.  Potash  silicates,  and 
other  non-volatile  salts,  on  the  other  hand,  do  not  produce  the 
reaction  by  themselves,  unless  the  metal  is  present  in  very  consi- 
derable quantity  ;  when,  however,  the  amount  of  potassium  is 
smaller,  it  is  merely  necessary  to  melt  the  substance  with  a  bead  of 
carbonate  of  sodium.  The  presence  of  the  sodium  does  not  in  the 
least  interfere  with  the  reaction,  and  scarcely  diminishes  its 
delicacy.  Orthoclase,  sanidine,  and  adularia  may  in  this  way  be 
easily  distinguished  from  albite,  oligoclase,  Labradorite,  and 
anorthite.  In  order  to  detect  the  smallest  traces  of  potassium 
salt,  the  silicate  requires  only  to  be  slightly  ignited  with  a  large 
excess  of  fluoride  of  ammonium  on  a  platinum  capsule,  after  which 
the  residue  is  brought  into  the  flame  on  a  platinum  wire.  In  this 
way,  it  is  found  that  almost  every  silicate  contains  potassium. 
Salts  of  lithium  diminish  or  influence  the  reaction  as  little  as 
sodium  salts.  Thus  we  need  only  to  hold  the  end  of  a  burnt 
cigar  in  the  flame  before  the  slit,  in  order  at  once  to  see  the 
yellow  line  of  sodium  and  the  two  red  lines  of  potassium  and 
lithium,  this  latter  metal  being  scarcely  ever  absent  in  tobacco 
ash. 

St7^ontiwn, 

The  spectra  produced  by  the  alkaline  earths  are  by  no  means 
so  simple  as  those  produced  by  the  alkalies.  That  of  strontium 
is  especially  characterized  by  the  absence  of  green  bands.  Eight 
lines  in  the  strontium-spectrum  are  remarkable,  namely,  six  red, 
one  orange,  and  one  blue  line.  The  orange  line,  Sr  a,  which 
appears  close  by  the  sodium  line  towards  the  red  end  of  the 
spectrum,  the  two  red  lines,  Sr  ^  and  Sr  7,  and  lastly,  the  blue 
line,  Sr  8,  are  the  most  important  strontium  bands,  both  as  regards 
their  position  and  their  intensity.     To  examine  the  intensity  of 
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the  reaction,  we  quickly  heated  an  aqueous  solution  of  chloride  of 
strontium,  of  known  concentration^  in  a  platinum  dish  over  a  large 
flame  till  the  water  was  evaporated  and  the  basin  became  red-hot. 
The  salt  then  began  to  decrepitate,  and  was  thrown  up  into  the 
air,  in  microscopic  particles  in  the  form  of  a  white  cloud.  On 
weighing  the  residual  salt,  it  was  found  that  in  this  way  0"077 
grm.  of  chloride  of  strontium  had  been  mixed  in  the  form  of  a  fine 
dust  with  the  air  of  the  room,  weighing  77000  grms.  As  soon 
as  the  air  in  the  room  was  perfectly  mixed,  by  rapidly  moving  an 
open  umbrella,  the  characteristic  lines  of  the  strontium-spectrum 
were  beautifully  seen.  According  to  this  experiment,  a  quantity 
of  strontium  may  be  thus  detected  equal  to  the  ^^^  part  of  a 
milligramme  in  weight. 

The  chloride  and  the  other  haloid  salts  of  strontium  give  the 
best  reaction.  The  hydi'ate  and  carbonate  of  strontium  give  it 
much  less  vividly,  the  sulphate  still  less,  whilst  the  com- 
pounds of  strontium  with  the  non-volatile  acids  give  either  a  very 
slight  reaction  or  none  at  all.  Hence  it  is  well  first  to  bring  the 
bead  of  substance  alone  into  the  flame,  and  then  again  after  moist- 
ening with  hydrochloric  acid.  If  it  be  supposed  that  sulphuric 
acid  is  present  in  the  bead,  it  must  be  held  in  the  reducing  part 
of  the  flame  before  it  is  moistened  with  hydrochloric  acid,  for  the 
purpose  of  changing  the  sulphate  into  the  sulphide,  which  is 
decomposed  by  hydrochloric  acid.  To  detect  strontium  when 
combined  with  silicic,  phosphoric,  boracic,  and  other  non -volatile 
acids,  it  is  best  to  proceed  as  follows  : — Instead  of  fusing  with 
carbonate  of  sodium  in  a  platinum  crucible,  a  conical  spiral  of 
platinum  wire  is  employed ;  this  spiral  is  heated  to  whiteness  in 
the  flame,  and  dipped  while  hot  into  finely-powdered  dried 
carbonate  of  sodium  which  should  contain  so  much  water  that  a 
sufficient  quantity  adheres  to  the  wire  when  it  is  once  dipped  into 
the  salt.  The  fusion  takes  place  in  this  spiral  much  more  quickly 
than  in  a  platinum  crucible,  as  the  mass  of  platinum  requiring 
heating  is  small,  and  the  flame  comes  into  direct  contact  with  the 
salt.  As  soon  as  the  finely-powdered  mineral  has  been  brought 
into  the  fused  soda  by  means  of  a  small  platinum  spatula,  and  the 
mass  retained  above  the  melting  point  for  a  few  minutes,  the 
cooled  mass  has  only  to  be  turned  upside  down,  and  knocked  on 
the  porcelain  plate  of  the  lamp  in  order  to  obtain  the  salt  in  a 
large  coherent  bead.  The  fused  mass  is  covered  with  a  piece  of 
writing  paper,  and  then  broken  by  pressing  it  with  the  blade  of  a 
steel  spatula  until  the  whole  is  reduced  to  a  fine  powder.  The 
powder  is  brought  to  one  spot  on  the  edge  of  the  plate,  and  care- 
fully covered  with  hot  water,  which  is  alloAved  to  flow  backwards 
and  forwards  over  it,  so  that,  after  decanting  and  rewashing  the 
powder  several  times,  all  the  soluble  salts  are  extracted  without 
losing  any  of  the  residue.  If  a  solution  of  chloride  of  sodium  be 
employed  instead  of  water,  the  operation  may  be  conducted  more 
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rapidly  and  with  greater  security.  The  insoluble  salt  contains  the 
strontium  as  carbonate  ;  and  one  or  two  tenths  of  a  milligramme 
of  the  substance,  brought  on  to  the  wire  and  moistened  with 
hydrochloric  acid,  is  suflicient  to  produce  the  most  intense  reaction. 
It  is  thus  possible,  without  help  of  platinum  crucible,  mortar, 
evaporating  basin,  or  funnel  and  filter,  to  fuse,  povvdcr,  digest, 
and  wash  out  the  substance  in  the  space  of  a  few  minutes. 

The  reactions  of  potassium  and  sodium  are  not  influenced  by  the 
presence  of  strontium.  Lithium  also  can  be  easily  detected  in 
presence  of  strontium  when  the  proportion  of  the  former  metal  is 
not  very  small.  The  lithium  line  Li  a  appears  as  an  intensely  red 
sharply  defined  band  upon  a  less  distinct  red  ground  of  the  broad 
strontium  band  Sr  /3. 

Calcium. 

The  spectmm  produced  by  calcium  is  immediately  distinguished 
from  the  four  spectra  already  considered  by  the  very  characteristic 
bright  green  line  Ca  /5.  A  second  no  less  characteristic  feature  in 
the  calcium  spectrum  is  the  intensely  bright  orange  line  Ca  a,  lying 
considerably  nearer  to  the  red  end  of  the  spectrum  than  cither  the 
sodium  line  Na  a,  or  the  orange  band  of  strontium  Sr  a.  By 
burning  a  mixture  consisting  of  chloride  of  calcium,  chlorate  of 
potassium,  and  milk-sugar,  a  white  cloud  is  obtained  which  gives 
the  reaction  with  as  great  a  degree  of  delicacy  as  strontium  salts  do 
under  similar  circumstances.  In  this  way  it  was  found  that  10,^^^^^ 
of  a  milligramme  in  weight  of  chloride  of  calcium  can  be  detected 
with  certainty.  Only  the  volatile  compounds  of  calcium  give  this 
reaction ;  the  more  volatile  the  salt,  the  more  distinct  and  delicate 
does  the  reaction  become.  The  chloride,  bromide,  and  iodide 
of  calcium  are  in  this  respect  the  best  compounds.  Sulphate  of 
calcium  does  not  produce  the  spectrum  till  it  has  become  basic, 
but  then  very  brightly  and  continuously.  In  the  same  way  the 
reaction  of  the  carbonate  becomes  more  distinctly  visible  after  the 
carbonic  acid  has  been  expelled. 

Compounds  of  calcium  with  the  non-volatile  acids  remain  inac- 
tive in  the  flame  ;  but  if  they  are  attacked  by  hydrochloric  acid, 
the  reaction  may  easily  be  obtained  as  follows  :  A  few  milligrammes 
of  the  finely  powdered  substance  are  placed  on  the  moistened  flat 
platinum  ling  in  the  moderately  hot  portion  of  the  flame,  so  that 
the  powder  is  fritted,  but  not  melted  on  to  the  wire ;  if  a  drop  of 
hydrochloric  acid  be  now  allowed  to  fall  into  the  ring,  so  that  the 
greater  part  of  the  acid  remains  hanging  to  the  wire,  and  if  the 
wire  be  then  brought  into  the  hottest  part  of  the  flame,  the  drop 
evaporates  in  the  spheroidal  state  without  ebullition.  If  the  spec- 
trum of  the  flame  be  ol)served  during  this  operation,  it  will  be 
noticed  that  at  the  moment  when  the  last  particles  of  liquid 
evaporate,  a  bright  calcium  spectrum  appears.  If  the  quantities 
of  the  metal  present  are  very  small,   the  characteristic  lines  are 
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seen  for  a  moment  only  ;  if  larcjor  qnantities  arc  contained,   tlic 
plienomenon  lasts  for  a  lonjrer  time. 

It  is  only  in  silicates  which  are  (lecomj)ose(l  by  hydrochloric 
acid  that  the  calcium  can  be  thus  detected.  In  those  minerals 
■which  arc  not  attacked  by  that  acid,  the  examination  is  best  made 
as  follows.  A  few  millii^n-ammcs  of  the  substance  nnder  examina- 
tion, in  a  state  of  fine  division,  are  ])laee(l  upon  a  ilat  platinum  lid, 
toirether  with  about  a  gramme  of  iluoride  of  ammonium,  and  the 
mixture  is  gently  ignited  until  all  the  fluoride  is  volatilized.  The 
slight  crust  of  salt  remaining  is  moistened  with  a  few  drops  of 
sulphuric  acid,  and  the  excess  of  acid  removed  by  heat.  If  about 
a  milligramme  of  the  residual  sulphates  be  scraped  together  with 
a  knife,  and  brought  into  the  flame,  the  characteristic  spectra  of 
potassium,  sodium,  and  lithium,  su})posing  these  three  metals  to  be 
present,  are  first  obtained  either  simultaneously  or  consecutively. 
If  calcium  and  strontium  be  also  present,  the  corresponding  spectra 
generally  appear  somewhat  later,  after  the  potassium,  sodium,  and 
lithium  have  been  volatilized.  When  only  traces  of  strontium  and 
calcium  arc  present,  the  reaction  is  not  always  seen ;  it  becomes, 
however,  immediately  apparent  on  holding  the  bead  for  a  few 
moments  in  the  reducing  flame,  then  moistening  it  with  hydro- 
chloric acid,  and  again  bringing  it  into  the  flame. 

These  easy  experiments,  such  as  either  heating  the  specimen 
alone,  or  after  moistening  with  hydrochloric  acid,  or  after  treating 
the  powder  with  fluoride  of  ammonium,  either  alone  or  in  presence 
of  sulphuric  or  hydrochloric  acid,  provide  the  mineralogist  and 
geologist  with  a  series  of  most  simple  methods  of  recognizing  the 
components  of  the  smallest  fragment  of  many  substances  (such,  for 
instance,  as  the  double  silicates  containing  lime)  with  a  certainty 
which  is  attained  in  an  ordinary  analysis  only  by  a  large  expen- 
diture of  time  and  material.  The  following  examples  will  illustrate 
this  statement. 

1.  A  drop  of  sea- water  heated  on  the  platinum  wire  shows  at  first 
a  strong  sodium  reaction  ;  and  after  volatilization  of  the  chloride  of 
sodium,  a  weak  calcium  spectrum  is  observed,  which  on  moistening 
the  wire  with  hydrochloric  acid  becomes  at  once  very  distinct.  If 
a  few  decigrammes  of  the  residual  salts  obtained  by  the  eva{)oration 
of  sea-water  be  treated  in  the  manner  described  under  lithium 
with  sulphuric  acid  and  alcohol,  the  potassium  and  lithium  reac- 
tions are  obtained.  The  presence  of  strontium  in  sea -water  can  be 
be^t  detected  in  the  boiler-crust  from  sea-going  steamers.  The 
filtered  hydrochloric  acid  solution  of  such  a  crust  leaves,  on  evapo- 
ration and  subsequent  treatment  with  a  small  quantity  of  alcohol, 
a  residue  slightly  yellow-coloured  from  basic  iron  salt,  which  is 
depf^ited  after  some  days,  and  can  then  be  collected  on  a  small 
filter  and  washed  with  alcohol.  The  filter,  burnt  on  a  fine  jjlatinum 
wire  and  held  in  the  flame,  gives,  besides  the  calcium  lines,  an 
intensely  Vjright  strontium  spectrum. 
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2.  Mineral  waters  often  exlilblt  tlic  reactions  of  potassium, 
sodium,  lithium,  calcium,  and  strontium  by  mere  heatiu«^.  If,  for 
example,  a  drop  of  tlie  Diirklieim  or  Kreuznach  water  be  brou«!:lit 
into  the  flame,  tlie  lines  Na  a,  Li  a,  Ca  a,  and  Ca  yQ  are  at  once 
seen.  If,  instead  of  using  the  water  itself,  a  drop  of  the  mother- 
li(juor  be  taken,  these  bands  appear  most  vividly.  As  soon  as  the 
clilorides  of  sodium  and  lithium  have  been  to  a  certain  extent 
volatilized,  and  tlie  chloride  of  calcium  has  become  more  basic,  the 
characteristic  lines  of  the  strontium  spectrum  begin  to  show  them- 
selves, and  continue  to  increase  in  distinctness,  until  at  last  they 
come  out  in  all  their  true  brightness.  In  this  case,  therefore,  by 
the  mere  observation  of  a  single  drop  undergoing  vaporization,  the 
complete  analysis  of  a  mixture  containing  five  constituents  is  per- 
formed in  a  few  seconds. 

3.  The  ash  of  a  cigar  moistened  with  hydrochloric  acid,  and 
held  in  [the  flame,  shows  at  once  the  bands  Na  a,  Ka  a,  Li  a, 
Ca  a,  Ca  /9. 

4.  A  piece  of  hard  potash-glass  combustion  tubing  gave,  both 
with  and  without  hvdrochloric  acid,  the  lines  Na  a  and  Ka  a : 
treated  with  fluoride  of  ammonium  and  sulphuric  acid,  the  bands 
Ca  a,   Ca  ^,  and  traces  of  Li  a  were  rendered  visible. 

5.  Orthoclase  from  Baveno  gives,  either  alone  or  when  treated 
with  hydrochloric  acid,  only  the  line  Na  a  with  traces  of  Li  a  and 
Ka  a ;  \\''\i\\  fluoride  of  ammonium  and  sulphuric  acid,  the  bright 
lines  Na  a  and  Ka  a,  and  a  somewhat  less  distinct  Li  a,  are  seen. 
After  volatilization  of  the  bodies  thus  detected,  the  bead  moistened 
with  hydrochloric  acid  gives  a  scarcely  distinguishable  flash  of  the 
lines  Ca  a  and  Ca  /3.  The  residue  on  the  platinum  wire,  when 
moistened  with  cobalt  solution  and  heated,  gives  the  blue  colour 
so  characteristic  of  alumina.  If  the  well-known  reaction  of  silicic 
acid  be  likewise  observed,  we  may  conclude  from  this  examination, 
made  in  the  course  of  a  very  few  minutes,  that  the  orthoclase  from 
Baveno  contains  silicic  acid,  alumina,  potash  with  traces  of  soda, 
lime,  and  lithia;  and  also  that  no  trace  of  baryta  or  strontia  is 
present. 

6.  Adularia  from  St.  Gothard  comported  itself  in  a  similar 
manner,  excepting  that  the  calcium  reaction  was  indistinctly  seen, 
whilst  that  of  lithium  was  altogether  wanting. 

7.  Labradorite  from  St.  Paul  gives  the  sodium  line  Na  a,  but 
no  calcium  spectrum.  On  moistening  the  fragment  with  hydro- 
chloric acid,  the  lines  Ca  a  and  Ca  y8  appear  very  distinct ;  with 
the  fluoride  of  ammonium  test,  a  weak  potassium  reaction  is 
obtained,  and  also  faint  indications  of  lithium. 

8.  Labradorite  from  the  Corsican  dioritc  gave  similar  reactions, 
except  that  no  lithium  was  found. 

9.  Mosanderite  from  Brevig,  and  Tscheffkinite  from  the 
Ilmengebirge,  showed,  when  treated  alone,  the  sodium  reaction  ; 
on  the  addition  of  hydrochloric  acid,  the  lines  Ca  a  and  Ca  (3, 
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10.  Meliiioplifiiic  from  Lamoc  f::avc  tlic  line  Na  a  when  placed 
alone  in  the  Maine;  with  liydrochloric  acid,  the  lines  Ca  a,  Ca  /S, 
and  Li  a  became  visible. 

11.  Schcelite  and  sphene,  give  on  treatment  witli  hydrochloric 
acid,  a  vcrv  intense  calcinm  reaction. 

\"2.  \\  hen  small  qnantities  of  strontinm  arc  present  toj^ether 
with  calcinm,  the  line  Sr  8  may  be  most  conveniently  employed 
for  the  detection  of  this  metal.  In  this  way  the  presence  of  small 
qnantities  of  strontinm  may  be  easily  detected  in  very  many  sedi- 
mentary- limestones.  The  lines  Na  a,  Li  a,  Ka  a,  especially  Li  a, 
are  observed  as  soon  as  the  limestone  is  bronght  into  the  flame. 
Converted  by  hydrochloric  acid  into  chlorides,  and  brought  in  this 
form  into  the  flame,  these  minerals  give  the  same  bands ;  and  not 
unfrequently  the  line  Sr  8  is  also  distinctly  seen.  This  latter 
appears,  however,  only  for  a  short  time,  and  is  in  general  best  seen 
when  the  calcium  spectrum  begins  to  fade. 

In  this  way,  the  lines  Na  a,  Li  a,  Ka  a,  Ca  a,  Ca  /3,  and  Sr  8 
were  found  in  the  spectra  of  the  following  limestones  : — 

Limestone  from  the  Silurian  at  Kugclbad  near  Prague.  Mus- 
chelkalk  from  Kohrbach  near  Heidelberg.  Limestone  from  the 
Lias  at  Malsch  in  Baden.     Chalk  from  England. 

The  following  limestones  gave  the  lines  Na  a,  Li  a,  Ka  a,  Ca  a, 
Ca  /3,  but  not  the  blue  strontinm  band  Sr  8  : — 

Marble  from  the  granite  near  Auerbach.*  Devonian  limestone 
from  Gerolstein  in  the  Eifel.  Carboniferous  limestone  from  Planitz 
in  Saxony.  Dolomite  from  Nordhausen  in  the  Harz.  Jura-kalk 
from  Streitberg  in  Franconia. 

From  these  few  experiments,  it  is  evident  that  a  more  extended 
series  of  exact  spectrum  analyses,  respecting  the  amount  of  stron- 
tium, lithium,  sodium,  and  potassium  which  the  various  limestone 
formations  contain,  must  prove  of  the  greatest  geological  im})ort- 
ance,  both  as  regards  the  order  of  their  formation  and  their  local 
distribution,  and  may  possibly  lead  to  the  establishment  of  some 
unexpected  conclusions  respecting  the  nature  of  the  oceans  from 
which  these  limestones  were  originally  deposited. 

Barium. 

The  barium  spectrum  is  the  most  complicated  of  the  spectra 
of  the  alkalies  and  alkaline  earths.  It  is  at  once  distinguished 
from  all  the  others  by  the  green  lines  Ba  a  and  Ba  /3  (which  are 
by  far  the  most  distinct)  appearing  the  first  and  continuing  during 
the  whole  of  the  reaction.  Ba  7  is  not  quite  so  distinct,  but  is 
still  a  well-marked  and  peculiar  line.  As  the  barium  spectrum  is 
considerably  more  extended  than  those  of  the  other  metals,  the 
reaction  is  not  observed  to  so  great  a  degree  of  delicacy  ;  still 

According  to  the  method  already  described,  a  quantity  of  nitrate  of  strontium 
was  obtained  from  20  grms.  of  this  marble  such  as  to  give  a  complete  and  vivid 
strontium  epectrum.     We  have  not  examined  the  other  limestones  in  the  same  way. 
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0'3  grm.  of  chlorate  of  barium  burnt  witli  niilk-siic^ar  f^ave  a 
distinct  band  of  Ba  a  which  histcd  for  some  time,  when  the  air 
of  tlic  room  was  well  mixed  by  moving  an  open  umbrella  about. 
Hence  we  may  calculate,  in  the  same  manner  as  was  done  in  the 
sodium  experiment,  that  about  -yt^^^  of  a  milligramme  of  barium 
salt  may  be  detected  with  certainty. 

The  chloride,  bromide,  iodide,  and  fluoride,  of  barium,  as  also 
the  hydrate,  the  sulphate,  and  carbonate,  show  the  reaction  best. 
It  may  be  obtained  by  simply  heating  any  of  these  salts  in  the 
flame. 

Silicates  containing  barium,  which  are  decomposed  by  hydro- 
chloric acid,  also  give  the  reaction  if  a  drop  of  hydrochloric  acid 
b(^  added  to  them  before  they  are  brought  into  the  flame.  Baryta- 
harmotome,  treated  in  this  way,  gives  the  lines  Ca  a  and  Ca  y3, 
together  with  the  bands  Ba  a  and  Ba  /3. 

Com})ounds  of  barium  with  fixed  acids,  giving  no  reaction  either 
Avheu  alone  or  after  addition  of  hydrochloric  acid,  should  be  fused 
with  carbonate  of  sodium,  as  described  under  strontium,  and  the 
carbonate  of  barium  thus  obtained,  examined.  If  barium  and 
strontium  occur  in  small  quantities  together  with  large  amounts 
of  calcium,  the  carbonates  obtained  by  fusion  are  dissolved  in 
nitric  acid,  and  the  dried  salt  extracted  with  alcohol.  The  residue 
contains  only  barium  and  strontium,  both  of  which  can  almost 
always  be  detected.  "When  we  wish  to  test  for  small  traces  of 
strontium  or  barium,  the  residual  nitrates  are  converted  into 
chlorides  by  ignition  with  sal-ammoniac,  and  the  chloride  of 
strontium  is  extracted  by  alcohol.  Unless  the  quantity  of  one  or 
more  of  the  bodies  to  be  detected  is  extremely  small,  the  methods 
of  separation  just  described  are  quite  unnecessary,  as  is  seen  from 
the  following  experiment : — 

A.  mixture  of  the  chlorides  of  potassium,  sodium,  lithium, 
calcium,  strontium,  and  barium,  containing  at  the  most  -Jj^^  of  a 
miUigramme  of  each  of  these  salts,  was  brought  into  the  flame, 
and  the  spectra  produced  were  observed.  At  first  the  bright 
yellow  sodium  line  Na  a  appeared,  with  a  background  formed  by 
a  nearly  continuous  pale  spectrum.  As  soon  as  this  line  began  to 
fade,  the  exactly  defined  bright  red  line  of  Lithium  Li  a  was  seen  ; 
and  beyond  this,  still  farther  from  the  sodium  line,  the  faint  red 
potassium  line  Ka  a  was  noticed,  whilst  the  two  barium  lines, 
Ba  a,  Ba  P,  with  their  peculiar  shading,  became  distinctly  visible 
in  their  characteristic  places.  As  the  potassium,  sodium,  lithium, 
and  barium  salts  volatilized,  their  spectra  became  fainter  and 
fainter,  and  their  peculiar  bands  one  after  the  other  vanished, 
until,  after  the  lapse  of  a  few  minutes,  the  lines  Ca  a,  Ca  yS,  Sr  a, 
Sr  /3,  Sr  7,  aud  Sr  S,  became  gradually  ^"isible,  and  like  a  dissolving 
view,  at  last  attained  their  characteristic  distinctness,  colouring, 
and  position,  and  then  after  some  time,  became  pale  and  disap- 
peared  entirely. 
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The   absrnoc  of  any   one   or   of  several  of  these  bodies  is   at 
oneo  intlicated  by  tlic  non-appearance  of  the  correspond  in  jj  bright 

linrs. 


Tliose  wlio  become  acquainted  witli  the  various  specti'a  by  repeated 
observation,  do  not  need  to  have  liefoix)  them  an  exact  nieasiirenient  of 
the  individual  bnes  in  order  to  be  al)le  to  detect  the  presence  of  the 
various  constituents  ;  the  colour,  relative  position,  peculiar  form,  variety 
of  shade  and  hriijhtness  of  the  bands  are  quite  characteristic  enough  to 
ensure  exact  results,  even  in  the  hands  of  persons  unaccustomed  to  such 
work.  These  sj>ecial  distinctions  may  be  compared  with  the  diflferences 
of  outward  aj^j>eamnce  presented  by  the  various  precipitates  employed 
for  detL'ctin;^  substances  in  the  wet  way.  Just  as  a  precipitate  is 
characterized  as  gelatinous,  pulverulent,  flocculent,  granular,  or  crys- 
talline, so  the  lines  of  the  spectrum  exhibit  their  peculiar  aspects,  some 
appearing  sharply  defined  at  their  edges,  others  blended  off  either  at 
one  or  both  sides,  either  similarly  or  dissimilarly,  some,  again,  appearing 
broader,  others  narrower  ;  and  just  as  in  ordinaiy  analysis  we  make  use 
of  those  precipitates  only  which  are  produced  with  the  smallest  possible 
quantity  of  the  substance  supposed  to  be  prc'sent,  so  in  analysis  with  the 
spectrum,  we  employ  only  those  lines  which  are  produced  by  the 
smallest  possible  quantity  of  substance  and  require  a  moderately 
high  temjierature.  In  these  respects,  both  analytical  methods  stand 
on  an  equal  footing ;  but  analysis  with  the  spectrum  possesses  a  great 
advantage  over  all  other  methods,  inasmuch  as  the  characteristic  differ- 
ences of  colour  of  the  lines  serve  as  the  distin^^ruishini;  feature  of  the 
system-  Most  of  the  precipitates  which  are  valuable  as  reactions  are 
e^tlourless  ;  and  the  tint  of  those  which  are  coloured  varies  very  consi- 
derably accordinr^  to  the  state  of  division  and  mechanical  arrani^ement 
of  the  particles.  The  presence  of  even  the  smallest  quantity  of  impurity 
is  often  suflBcient  entirely  to  destroy  the  characteristic  colour  of  a 
precipitate ;  so  that  no  reliance  can  be  placed  upon  nice  distinctions  of 
colour  as  an  ordinary  chemicjil  t<st.  In  spectrum-analysis,  on  the 
contrary,  the  coloured  bands  are  unaffected  by  such  alteration  of  phy- 
sical conditions,  or  by  the  presence  of  other  bodies.  The  positions  which 
thu  lines  occupy  in  the  spectrum  indicate  the  existence  of  a  chemical 
prop-rty  as  unalterable  as  the  combining  weights  themselves,  and  may 
therefore  be  estimated  with  almost  astronomical  precision.  The  fact, 
however,  which  gives  to  this  method  of  spectrum-analysis  a  peculiar 
degree  of  importance  is,  that  it  extends  almost  to  infinity,  the  limits 
within  which  the  chemical  characteristics  of  matter  have  heen  hitherto 
confined.  By  an  application  of  thLs  method  to  geological  inquiries 
c  ling  the  distribution  and  arrangement  of  the  components  of  the 

Viiii'.-ua  formations,  the  most  valuable  results  may  be  expected;  even 
the  few  random  exf)eriment8  already  mentioned  have  led  to  the  unex- 
pected conclusion,  that  not  only  potassium  and  sc-dium,  but  also  lithium 
and  strontium  must  be  added  to  the  list  of  bodies  occurring,  only  indeed 
in  small  quantities,  but  most  widely  spread,  throughout  the  matter 
comiH-jsing  the  solid  body  of  our  planet. 

The  method  of  spectrum-analysis  may  also  play  a  no  less  important 
part  as  a  means  of  detecting  new  elementary  substances ;  for  if  bodies 
should  exist  in  nature  so  sparingly  diffused  that  the  analytical  methods 
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liitlierto  applicable  have  not  succeeded  in  detectins^  or  .separatin<^  them, 
it  is  very  possible  that  their  presence  may  be  revealed  by  a  simple  exami- 
nation of  the  spectra  produced  by  their  flames.  We  have  had  opfKjrtunity 
of  satisfying  ourselves  that  in  reality  such  unknown  elements  exist.  We 
l»elieve  that,  relying  U])on  unmistakeable  results  of  the  spectrum-analysis, 
we  are  already  justified  in  positively  stating  that,  besides  potassium, 
sodium,  and  lithium,  the  group  of  the  alkaline  metals  contains  a  fourth 
member,  which  gives  a  s]^ctrum  as  simple  and  characteristic  as  tlmt  of 
lithium — a  metal  which  in  our  apparritus  gives  only  two  lines,  namely  a 
faint  blue  one,  almost  coincident  with  the  strontium  line  Sr  o,  and  a 
second  blue  one  lying  a  little  further  towards  the  violet  end  of  the 
spectrum,  and  rivalling  the  lithium  line  in  brightness  and  distinctness  of 
outline. 

The  method  of  spectrum-analysis  not  only  offers,  as  we  think  we  have 
shown,  a  mode  of  detecting  with  the  greatest  simi)licity  the  presence  of 
the  smallest  traces  of  certain  elements  in  terrestrial  matter,  but  it  also 
opens  out  the  investigation  of  an  entirely  untrodden  field,  stretching  far 
beyond  the  limits  of  the  earth,  or  even  of  our  solar  system.  For,  in 
order  to  examine  the  composition  of  luminous  gas,  we  require,  according 
to  this  method,  only  to  see  it ;  and  it  is  evident  that  the  same  mode  of 
analysis  must  be  a])[)licable  to  the  atmospheres  of  the  sun  and  of  the 
brighter  fixed  stars.  A  modification  must,  however,  be  introduced  on 
account  of  the  light  emitted  by  the  solid  nuclei  of  these  heavenly  bodies. 
In  a  Memoir  published  by  one  of  us,*  "  On  the  relation  between  the 
CoeflScients  of  Emission  and  Absorption  of  Bodies  for  Heat  and  Light," 
it  was  proved  from  theoretical  considerations  that  the  spectrum  of  an 
incandescent  gas  becomes  reversed  (that  is,  that  the  bright  lines  become 
changed  into  dark  ones)  when  a  source  of  light  of  sufficient  intensity, 
giving*  a  continuous  spectrum,  is  placed  behind  the  luminous  gas.  From 
this  we  may  conclude  that  the  solar  spectrum,  with  its  dark  lines,  is 
nothing  else  than  the  reverse  of  the  spectrum  which  the  sun's  atmosphere 
alone  would  produce.  Hence,  in  order  to  effect  the  chemical  analysis  of 
the  solar  atmosphere,  all  that  we  require  is  to  discover  those  sub.stances 
which,  when  brought  into  the  flame,  produce  bright  lines  coinciding  with 
the  dark  ones  of  the  solar  spectnim. 

In  the  paper  above  referred  to,  the  following  experimental  facts  are 
given  in  confirmation  of  the  preceding  theoretical  conclusion. 

The  bright  red  line  produced  in  the  spectrum  of  a  gas-flame  by  the 
presence  of  a  bead  of  chloride  of  lithium,  is  changed  into  a  dark  one  when 
direct  sunlight  is  allowed  to  pass  through  the  flame.  When  the  bead  of 
lithium  is  replaced  by  one  of  chloride  of  sodium,  the  dark  double  line  D 
(coincident  with  the  yellow  sodium  line)  appears  with  uncommon  dis- 
tinctness. The  dark  double  line  D  also  appears  when  the  rays  of  a 
Drummond's  light  are  passed  through  the  flame  of  aqueous  alcohol 
into  which  chloride  of  sodium  is  thrown. + 

*  Kirchhoff,  PosrgendorfF's  Annalen,  cix.  275;  and  Phil.  Mag.  [4],  xx.  1. 
+  In  the  Philosophkal  :>r:i4:a7.ine  for  March  1860,  Prof.  Stokes  calls  attention  to 
the  fact  that  in  the  year  1849,  Foucault  made  an  observation  verj-  similar  to  the 
above.  In  the  examination  of  the  spectrum  produced  by  the  electric  arc  between 
carbon  points,  Foucault  noticed  that  bright  lines  occur  where  the  double  line  D  of 
the  solar  spectrum  is  found,  and  that  this  dark  line  D  is  produced  or  made  more 
intense  when  the  rays  of  the  sun,  or  those  from  one  of  the  incandescent  carbon  poles, 
^i^asged  through  the  luminous  are.    The  observation  mentioned  in  the  text  affords 


(' 
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It  npjwared  of  intonvst  to  olitain  still  ftn-thor  confirniation  of  this 
imjK»rt-:int  theon'tiail  conohisioii ;  the  following  oxiKTiiiiont.s  aiiswcn'd 
tl 

V>  a  till,  k  ]il.'itinuin  win*  in  tlio  llanir.  and  llun    \>y  iiuaM^>  of 

ftneU-iiii»  .Min-nt.  boa  tin!  it  to  ■  *•  Mi|x>ratmv  aj>|>roaohing  its  inoltini:- 
poiDt.  Tho  win^  p»vo  a  bright  ,  iruni,  in  which  no  trace  of  I'itluT 
dark  or  brijjht  lines  was  st«on.  A  flame  of  weak  acjucous  alcohol,  in  whieh 
common  salt  wjis  dissolvcil,  on  l>oing;  bnnight  l»etw«'en  the  wire  and  th 
!»lit  of  the  apparatus,  ^ave  the  dark  line  I)  most  distinctly. 

The  dark  line  1)  can  W  pnnlnced  in  the  s|>octnini  of  a  piatintim  wire 
heat<xl  in  a  flame,  bv  holding  iH-twtcn  !lanu»  an-l  sjx'ctnnn  a  test-tul)© 
contain ir*      nie  siKliuni  amalgam  which  is  hcatrd  t<»  boiling. 

T^'i-  •  iiu-nt  is  imjxirtant,  iK'Ciiuse  it  shows  that  sodium  va)>our  at 

at       ,  much  U'low  that  at  which  it  iK'conus  lunduoiis,  exerts  its 

absorptive  p«»wer  at  exactly  the  same  j>oint  of  the  sjiectnim  a.s  it  doe.s  at 
the  highest  temperatures  which  we  cad  produce,  or  at  the  temperatures 
existing  in  the  solar  atmospheri 

We  have  succ^'oded  in  reversing  tiie  bright  lin«s  in  the  sjH'ctra  of  K, 
Sr.  Ca,  Ba,  by  employing  sunlight  and  mixtures  of  the  chlorates  of  these 
metals  with  milk-sugar.  A  small  iron  trough  was  fixed  in  front  of  the 
slit  of  our  apparatus,  in  which  the  mixture  was  jtlaced  ;  the  <lirect  sun- 
light was  then  allowe^l  to  pass  along  the  whole  length  of  the  trough,  and 
the  mixture  was  ignited  w^ith  a  heated  wire.  The  telescope  C,  with  the 
\*'iiv«  cutting  each  other  at  an  objiqu**  angle,  was  |)lac<'d  so  that  the  jK)int 
of  intersection  of  the  wires  coincided  with  the  bright  line  of  the  flame- 
!i  which  was  to  Ik;  examined.  The  ob.s<*rYer  concentrated  his 
.li  1  uj»on  this  jx)int.  to  judge  whether,   at  the  monn^nt  of  burning 

th'  tnre,  a  chirk   line   showed   itself  paasing  through   the    point   of 

int  u  of  the  cross  wires.     In  this  way  it  was  eiisy,  when  the  right 

proportions  for  the  mixtures  were  found,  to  show  that  the  lines  Ba  a, 
Ba  ^,  as  well  as  the  line  Ka  /i,  were  reversed.  The  last  of  these  lines 
coincides  with  one  of  the  most  distinct  dark  lines  in  the  solar  spectrum, 
though  not  marked  ))y  Fraunhofer,  which,  however,  appears  much 
more  plainly  than  it  is  generally  seen  at  the  momt'nt  tlie  potash  salt 
hums.  In  oph  r  to  i.jv.ve  that  the  strontium  lines  can  be  reversed,  the 
chlorate  of  str  t  Ix?  most  carefully  dried,  as  the  slightest  trace 

oi  moisture  produc  •  j>ositive    strontium    spectrum,  owing  to  small 

particles  of  salt  being  thrown  alxiut  in  the  flame,  and  thus  diminishing 
the  power  of  the  solar  rays. 

sa  ezpUnatioD  of  this  interesting  pbnnomcnon  'I'o/^rved  l>y  Foncault  cloven  years 
ago,  proring  that  it  i»  not  ocGsrion<'l  by  the  pr  -  of  the  electric  lif^ht,  which  in 
manj  respects  in  Ktiil  so  enigmatical,  but  that  it  ahf)c«  from  a  conifKxind  of  Modium 
eontaioei  in  tbe  pole,  sad  convcrt<<l  into  incandcK^cnt  gas  by  the  current. 
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XXV. — Contributions  to  the  History  of  the  Phosphorus-Bases, 
By  Augustus  William  IIofmann,  F.R.S. 

[Abstracted  from  a  series  of  papers  read  before  the  Royal  Society,  June  21,  I860.] 

FIRST  MEMOIR. 

In  a  paper*  published  a  few  years  ago  by  M.  Cab  ours  and 
myself,  the  remarkable  phosphorus-compound s^  whose  existence 
was  first  pointed  out  by  the  experiments  of  M.  Paul  Thenard, 
were  subjected  to  a  more  complete  examination  than  they  had 
previously  received. 

The  discovery  of  a  better  mode  of  preparation  enabled  us  to 
gain  a  clearer  view  of  the  nature  of  this  group  of  substances,  and 
to  throw  additional  light  on  their  relations  to  the  nitrogen-bases ; 
but,  owing  to  the  overwhelming  number  of  reactions  which 
presented  themselves,  we  were  unable  to  submit  the  behaviour  of 
the  phosphorus-bases  with  other  groups  of  bodies  to  a  detailed 
examination. 

In  continuation  of  former  experiments,  I  have  lately  been  much 
engaged  in  the  investigation  of  the  polyatomic  ammonias,  the 
study  of  which  was  naturally  suggested  by  the  beautiful  researches 

*  Philosophical  Transactions,  vol.  cxiyii,  p.  575.     Chem.  Soc.  Qu.  vol.  xi,  p.  5Q. 
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Avliicli  have  been  published  on  tlic  polyatomic  alcoliols.  In  tlie 
course  of  these  experiments,  I  frequently  had  occasion  to  return 
t )  the  phosphorus-bases,  the  employment  of  tricthylphosphine  in 
particular  having  in  many  instances  led  to  results  which  would  not 
easily  have  been  obtained  in  any  other  way.  The  possibility  of 
preparing  this  body  in  a  state  of  perfect  purity  and  in  considerable 
quantity,  by  a  series  of  processes,  w  hich,  if  not  quite  simple,  are 
at  least  definite  and  certain,  its  position  in  the  system  of  organic 
compounds,  its  conveniently  situated  boiling-point,  the  energy  and 
precision  of  its  reactions,  and  lastly,  the  simplicity  which  charac- 
terizes these  reactions,  in  consequence  of  the  absence  of  unreplaced 
hydrogen  in  tricthylphosphine, — Avhereby  the  formation  of  a  large 
number  of  compounds  of  subordinate  theoretical  interest  is 
excluded, — all  these  conditions  tend  strongly  to  invite  us  to  the 
study  of  a  body,  in  whose  chemical  relations  the  leading  questions 
of  the  day  are  not  unfrequently  mirrored  with  surprising  distinct- 
ness. 

It  was  originally  my  intention  to  put  together — in  one  frame, 
as  it  were — the  various  facts  which  I  have  collected  relating  to  the 
phosphorus-bases ;  but  the  material  lies  scattered  in  so  many 
directions,  that  I  deem  it  more  advisable  to  publish  these  observa- 
tions in  a  number  of  shorter  memoirs,  whicli,  from  the  nature  of 
the  subject,  must  be  more  or  less  fragmentary. 

Preparation  of  Triethylphosphine. — The  whole  of  the  material 
used  in  my  experiments  was  prepared  by  the  process  formerly 
described  in  detail  by  C  ah  ours  and  myself.  The  only  alteration, 
which  has  been  found  advisable,  relates  to  the  separation  of  the 
triethylphosphine  from  the  chloride-of-zinc-compound,  which  is 
produced  by  the  action  of  trichloride  of  phosphorus  on  zinc-ethyl. 
It  was  formerly  our  practice  to  throw  solid  hydrate  of  potassium 
into  the  \dscid  mass  of  this  salt,  and  then  to  dissolve  the  potassa 
by  gradually  dropping  water  into  the  retort,  the  heat  resulting 
from  the  reaction  being  sufficient  to  carry  over  the  base  nearly 
anhydrous.  It  is  better,  however,  to  mix  the  double  salt  at  once 
with  water,  and  then  decompose  it  in  a  retort  filled  with  hydrogen, 
by  allowing  strong  potassa-solution  slowly  to  flow  into  it.  On 
subsequently  distilling  the  mixture  on  a  sand  bath  in  a  continuous 
but  Y^vy  slow  stream  of  hydrogen,  the  triethylphosphine  passes 
over  with  the  aqueous  vapour  and  floats  on   the  top  of  the  con- 
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clenscd  water  in  the  receiver.  By  adopting  tliis  mode  of  pro- 
ceeding, the  reaction  is  more  under  the  command  of  the  operator, 
and  as  the  phosphorus-base  is  not  sensibly  soluble  in  water,  the 
quantity  of  the  product  is  not  thereby  diminished. 

By  exact  adherence  to  the  prescribed  conditions,  it  is  by  no 
means  difficult  to  prepare  considerable  quantities  of  pure  triethyl- 
phosphine ;  nevertheless  the  amount  obtained  is  always  less  than 
it  should  be  in  proportion  to  the  weight  of  the  materials  used. 
This  loss  is  mainly  due  to  the  formation  of  secondary  products, 
which  cannot  be  whollv  avoided  even  when  the  zinc-ethvl  has  been 
carefully  prepared,  and  to  partial  decomposition  of  the  latter 
substance  during  distillation  :  for  it  is  scarcely  possible  to  imagine 
a  more  elegant  reaction  than  that  which  takes  place  between 
trichloride  of  phosphorus  and  ready-formed  zinc-ethyl.  Under 
these  circumstances,  many  attempts  were  naturally  made  to  obtain 
the  phosphorus-base  in  other  ways ;  I  have  always,  however, 
returned  to  our  original  process. 

Totally  unsuccessful  was  the  attempt  to  obtain  trlethylphosphine, 
without  previous  preparation  of  zinc-ethyl,  by  exposing  a  mixture 
of  1  equiv.  of  trichloride  of  phosphorus  and  3  equivs.  of  iodide 
of  ethyl  with  excess  of  zinc  in  sealed  tubes  to  a  temperature  of 
150°  C.  The  bodies  react  under  these  circumstances;  but  as  only 
traces  of  triethylphosphine  are  produced,  I  have  not  thought  it 
worth  while  to  pursue  tliis  reaction  further.  A  more  favourable 
result  was  obtained  by  heating  a  mixture  of  zinc  and  phosphorus 
with  anlivdrous  iodide  of  ethvl  to  between  150°  and  160°.  After 
several  hours'  digestion,  the  tu1)es  were  found  to  be  coated  with 
white  crystals,  and  a  considerable  portion  of  the  phosphorus  had 
passed  into  the  red  modification.  Powerful  escape  of  gas  always 
took  place  on  opening  the  tubes,  and  in  several  instances  they 
were  shattered,  even  when  their  points  were  softened  in  tlie  lamp- 
flame  to  diminish  the  violence  of  the  concussion.  Besides  zinc- 
ethyl,  the  presence  of  which  is  indicated  by  the  abundant  evolu- 
tion of  hydride  of  ethyl  which  is  observed  on  treating  the  contents 
of  the  tube  with  water,  the  chief  products  of  this  reaction  are 
three  phosphorus-compounds,  which  are  formed  in  proportions 
varying  according  to  the  temperature  and  the  duration  of  the 
action. 

On  extracting  the  brown  residue  in  the  tubes  with  warm  water, 
and  evaporating  the  clear  solution^  an  oily  substance  separates 
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which  covers  the  bottom  of  the  dish,  and  on  cooling  solidifies  into 
a  mass  of  hard  crystals.  By  repeatedly  rrystallizing  this  substance 
from  boiling  water  and  from  alcohol,  large  crystals  are  obtained, 
which  give  off  triethylphosphiue  when  treated  with  potassa  even 
in  the  cold ;  by  analysis'^  they  were  found  to  consist  of  a  compound 
of  iodide  of  zinc  with  iodide  of  triethylphosphonium,  composed 
according  to  the  formula 

C  JIj^P  Zu  I,  =  [(C,H5)3lIP]I,  Za  I.t 

A  solution  of  iodide  of  triethylphosphonium  mixed  with  iodide 
of  zinc  immediately  gives  a  crystalline  compound  of  exactly  similar 
characters. 

The  mother-liquor  of  the  double  salt  yields,  when  further 
evaporated,  another  crystalline  body  which  is  more  difficult  to 
purify.  After  three  or  four  crystallizations,  however,  weli- 
developed  crystals  are  obtained,  which  do  not  yield  triethylphos- 
phiue when  treated  with  potash,  either  in  the  cold  or  with  aid  of 
heat. 

Analysis  shows  that  this  crystalline  substance  is  a  compound  of 
iodide  of  zinc  and  oxide  of  triethylphosphiue, 

CeH,5PO,ZnI=(C,H3),PO,ZnI. 

The  third  compound,  which  remains  in  the  mother-liquor  after 
the  two  former  have  crystallized  out,  and  separates,  on  further 
evaporation,  in  beautiful  needle-shaped  crystals,  may  be  recognized 
without  difficulty  as  iodide  of  tetrethylphosphonium.  The  crystals 
are  insoluble  in  cold  potassa-solution,  and  give  off  triethylphos- 
phiue only  when  heated  with  solid  hydrate  of  potassium. 

This  iodide  likewise  unites  with  iodide  of  zinc ;  and  as  this  latter 
salt  is  always  present  in  the  mother-liquor  in  considerable  quantity, 
the  double  salt  is  generally  obtained  together  with  the  simple 
iodide. 

*  The  comljustion  of  the  phosphorus-compounds  is  not  very  easily  effected.  The 
experiment  succeeds  best  with  a  mixture  of  cl)romate  of  lead  and  oxide  of  copper. 
All  the  carbon-determinations  quoted  in  the  following  pages  have  been  made  with 
thi.s  mixture,  unless  another  mode  of  proceeding  is  specially  stated.  All  the  sub- 
stances analysed  wer^  dried  at  100^,  except  in  a  few  cases,  when  the  mode  of  drying 
is  also  specially  mentioned. 

The  details  of  the  analytical  determinations  are  given  in  the  original  papers 
published  in  the  Philosophical  Transactions  for  1860. 

t  H  =  l;  0  =  16;  S  =  32;  C  =  12. 
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The  mode  of  formation  of  these  compounds  is  represented  by 
the  following  equations  ; — 

4C2H5T  +  P  +  3Zn  =  [(C2H.)3HP]T,  Zn  I  +  2Zn  I  +  C^H,. 
4C2H.I  +  P  +  3ZU  =  [(aH^),?]!,  ZuI+2ZnT. 

The  compound  containing  oxide  of  triethylphosphine  is  evidently 
formed  at  the  expense  of  the  air  in  the  tube : — 

(C2H5)3P  +  0-|-ZnI  =  (C2H5)3PO,ZaL 

The  above  zinc-iodide-compounds  of  triethyl-  and  tetrethyl-phos- 
phonium  possess  interest  only  in  so  far  as  they  may  serve  for  the 
preparation  of  phosphorus-base.  The  mixture  evaporated  to  dry- 
ness and  distilled  with  hydrate  of  potassium  in  an  atmosphere  of 
hydrogen,  does  indeed  yield  appreciable  quantities  of  triethylphos- 
phine :  the  action  of  iodide  of  ethyl  upon  a  mixture  of  zinc  and 
phosphorus  may  therefore  be  recommended  when  it  is  desired  to 
prepare  a  sample  of  tliis  remarkable  compound  without  specially 
arranged  apparatus  :  but  it  is  not  adapted  for  the  preparation  of 
the  phosphorus-base  on  the  large  scale. 

I  have  endeavoured  to  prepare  by  this  process  triamylphosphine 
and  triaUylphosphiney  but  the  results  were  not  such  as  to  encourage 
me  to  continue  the  experiments. 

Call  ours  has  I'ecently  made  similar  experiments^  but  with  a 
difference  in  the  mode  of  conducting  them,  which  caanot  fail  to 
influence  the  result.  Instead  of  subjecting  iodide  of  ethyl  to  the 
action  of  a  mechanical  mixture  of  zinc  and  phosphorus,  he  has 
caused  the  compound  Zug  P  to  act  upon  iodide  of  ethyl  at  a  high 
temperature.  The  reaction  will  doubtless  proceed  more  regularly 
under  these  conditions  ;  but  the  advantage  which  may  perhaps  be 
gained  by  avoiding  the  preparation  of  the  zinc-ethyl  is  com- 
promised, at  least  in  part,  by  the  time  and  trouble  expended  in  the 
somewhat  complicated  preparation  of  trizinco-phosphide. 

Oxide  of  Triethylphosphine. — The  formation  of  the  compound 
of  this  oxide  with  iodide  of  zinc  to  which  I  have  alluded^  induced 
me  to  subject  to  a  careful  examination  the  beautifully  crystallized 
body  produced  from  the  phosphorus-base  by  exposure  to  the  air. 

In  our  former  experiments,  C  ah  ours  and  myself  had  often 
observed  this  substance,  but  we  did  not  succeed  in  obtaining  it  in 
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a  state  of  purity  fit  for  anal3^sis.  Nevertlieless,  founding  our 
conclusion  on  the  composition  of  the  corresponding  sulphur- 
compound,  and  having  regard  to  the  analogies  presented  by  the 
bodies  of  the  arsenic-  and  antimony-series^  we  regarded  this  body 
as  the  oxide  of  the  phosphorus-base : 

c^H.^t'O  =  (c,iy3P0. 

I  have  since  confirmed  this  formula  by  analysis. 

The  difficulties  which  in  oiu'  former  experiments  opposed  the 
preparation  of  this  compound  in  the  pure  state,  arose  entirely  from 
the  comparatively  small  quantity  of  material  with  which  we  had  to 
work.  Nothing  is  easier  than  to  obtain  this  oxide  in  a  state  of 
purity,  provided  the  available  quantity  of  material  is  sufficient  for 
distillation.  In  the  course  of  a  number  of  preparations  of  triethyl- 
phosphinc  for  the  new  experiments,  a  considerable  quantity  of  the 
oxide  had  accumulated  in  the  residues  left  after  distilling  the  zinc- 
chloride-compound  with  potassa.  On  subjecting  these  residues  to 
distillation  in  a  copper  retort,  a  considerable  quantity  of  the  oxide 
passed  over  with  the  aqueous  vapours ;  and  a  further  quantity  was 
obtained  as  a  tolerably  anhydrous  but  strongly  coloured  liquid  by 
dry  distillation  of  the  solid  cake  of  salts  which  remained  after  all 
the  water  had  passed  over.  The  watery  distillate,  with  or  without 
addition  of  hydrochloric  acid,  was  evaporated  on  the  water-bath 
as  far  as  practicable,  and  the  concentrated  solution  was  mixed  with 
solid  hydrate  of  potassium,  which  immediately  separated  the  oxide 
in  the  form  of  an  oily  layer  floating  on  the  surface  of  the  potash. 

The  united  products  were  then  left  in  contact  with  solid  potash 
for  twenty-four  hours,  and  again  distilled.  The  first  portion  of 
the  distillate  still  contained  traces  of  water,  a  thin  layer  of 
triethylphosphine  floating  upon  the  surface.  As  soon  as  the 
distillate  solidified,  the  receiver  was  changed^  and  the  remaining 
portion  (about  nine-tenths)  collected  apart  as  the  pure  product. 

"With  reference  to  the  properties  of  oxide  of  triethylphosphine, 
I  may  add  the  following  statements  to  the  description  formerly 
given*.  This  substance  crystallizes  in  beautiful  delicate  needles, 
which,  if  an  appreciable  quantity  of  the  fused  compound  be  allowed 
to  cool  slowly,  frequently  attain  the  length  of  several  inches.  I 
have  been  unable  to  obtain  well-formed  crystals;  as  yet  I  have  not 

*  Philosophical  Transactions,  1857.  p.  586 ;  Chem.  Soc.  Qu.,  vol  xi,  p.  66. 
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found  a  solvent  from  which  this  substance  can  be  crystallized.  It 
is  soluble  in  all  proportions,  both  in  water  and  alcohol,  and 
separates  from  these  solvents  on  evaporation  in  the  liquid  condition, 
and  solidifies  only  after  every  trace  of  water  or  alcohol  is  expelled. 

Addition  of  ether  to  the  alcoholic  solution  precipitates  this  body 
likewise  as  a  liquid.  The  melting  point  of  oxide  of  triethylphos- 
phine  is  44°  ;  the  point  of  solidification  at  the  same  temperature. 
It  boils  at  240°  C.  (corrected). 

As  no  determination  of  the  vapour-density  of  any  member  of 
the  group  of  compounds  to  which  the  oxide  of  triethylphosphine 
belongs  has  yet  been  made,  it  appeared  to  me  of  some  interest  to 
perform  this  experiment  with  the  oxide  in  question.  As  the 
quantity  of  material  at  my  disposal  was  scarcely  sufficient  for  the 
determination  by  Dumas'  method,  and  Gay-Lussac's  was  in- 
applicable on  account  of  the  high  boiling-point  of  the  compound, 
I  adopted  a  modification  of  the  latter,  consisting  essentially  in 
generating  the  vapour  in  the  closed  arm  of  a  U-shaped  tube  filled 
with  mercury  and  immersed  in  a  copper  vessel  containing  heated 
paraffin,  and  calculating  its  volume  from  the  weight  of  the  mercury 
driven  out  of  the  other  arm.  As  I  intend  to  publish  a  full  descrip- 
tion of  this  method,  which  promises  to  be  very  useful  in  certain 
cases,  I  shall  here  content  myself  with  stating  that  the  results  of 
my  experiments  prove  the  vapour-density  of  oxide  of  triethylphos- 
phine to  be  66*30,  referred  to  hydrogen  as  unity,  or  4*60  referred  to 
atmospheric  air.  Assuming  that  the  molecule  of  oxide  of  triethyl- 
phosphine corresponds  to  2  vols,  of  vapour,*  the  calculated  specific 

134 
gravity  of  its  vapoui'  =  —^  •=.  ^H ,  when  referred  to  hydrogen,  and 

4'63  when  referred  to  air.  Hence  we  may  conclude  that  in  oxide 
of  triethylphosphine,  the  elements  are  condensed  in  the  same 
manaer  as  in  the  majority  of  thoroughly  investigated  organic 
compounds. 

From  the  facility  with  which  triethylphosphine  is  converted  into 
the  oxide  by  exposure  to  the  air,  even  at  ordinary  temperatures, 
and  from  the  very  high  boiling-point  of  the  resulting  compound, 
in  consequence  of  which  its  vapour  can  exert  but  very  slight 
tension  at  ordinary  temperatures,  I  am  induced  to  think  that  the 
phosphorus-base  may  be  used  in  many  cases  for  the  volumetric 
estimation  of  oxygen.     When  a  paper  ball  soaked  in  triethylphos- 

*  H^O  =  2  Tols.  of  vapour. 
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phine  is  passed  up  into  a  portion  of  air  confined  over  mercury, 
the  mercurj^  immediately  begins  to  rise,  and  continues  to  do  so 
for  about  two  hours,  after  which  the  volume  becomes  constant,  the 
diminution  corresponding  very  nearly  to  the  proportion  of  oxygen 
in  the  air.  To  obtain  very  exact  results,  however,  it  would  pro- 
bably be  necessary  in  every  case  to  remove  the  residual  vapour  of 
triethylphosphine  by  means  of  a  ball  saturated  with  sulphuric  acid. 
Oxide  of  triethylphosphine  exhibits  in  general  but  small  ten- 
dency to  unite  with  other  bodies  ;  nevertheless  it  forms  crystalline 
compounds  with  iodide  and  bromide  of  zinc.  I  have  examined 
more  particulaly  the  zinc-iodidc-compound  already  mentioned. 

Oxide  of  Triethylphosjjhine  and  Iodide  of  Zinc. — On  mixing 
the  solutions  of  the  two  bodies,  the  compound  separates  either  as  a 
crystalline  precipitate  or  in  oily  drops,  which  soon  solidify  with 
crystalline  structure.  It  is  easily  purified  by  recrystallization  from 
alcohol  and  contains — 

C,M,,V  0,  Zn  I  =  (C,H5)3P  O,  Zn  I. 

It  is  remarkable  that  this  compound  is  formed  in  presence  of  a 
large  excess  of  hydriodic  and  even  of  hydrochloric  acid. 

The  crystals  melt  at  99°  :  they  readily  dissolve  in  warm  water, 

and  even  more  easily  in  alcohol.  From 
the  alcoholic  solution  well-formed  crys- 
tals are  frequently  obtained. 

My  friend  Quintino  Sella  has  ex- 
amined these  crystals.* 

'"        '^  System  monoclinic : — 

100,  101:^:34°  25';  101,  001  =48°  48' j 
111,  010  =  50°  16'. 

Forms  observed  : — 

100,  010,  001,  110,  Oil,  111,  (Fig.  1). 

Combinations  observed : — 

110,001  (Fig  2). 

110,  001;  100  (Figs.  3  &  4). 

110,001;  100,  010  (Fig.  5). 

001,  100,  110,  111. 

001,  100,  110,  111;  Oil. 

001,  100,  110,  111;  Oil,  010  (Fig.  6). 

♦  The  details  of  the  cr}'stallo^raphical  determinations  are  given  in  the  original 
papers  published  in  the  Philosophical  Transactions  for  1860. 
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Fig.  2. 


Fig.  3. 


Fig.  4. 
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Fig.  5. 
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Fig.  G. 


Fig.  7. 


Hemitropic  crystals  with  the  axis  of  hemitropy  [100]  ^  with 

the  face  of  hemitropy  001. 

The  hemitropic  crystals  are  sometimes 
simple,  as  in  Fig.  7 ;  sometimes  compli- 
cated, as  in  Fig.  8.  It  is  then  difficult 
to  distinguish  them  from  trimetric  ciys- 
talsj  they  become,  however,  intelligible 
by  assuming  that  they  result  from  four 
hemitropic  crystals  grouped  round  [100], 
as  in  Fig.  9.     It  is  found  sometimes  that 

several  crystals,  like  those  of  Fig.  8,  are  associated  by  001. 


Fig.  8. 


Fig.  9. 


It  deserves  to  be  noticed  that  the  crystals  (Figs.  2,  3,  4,  5,  and 
7)  were  formed  in  the  presence  of  hydrochloric  acid,  and  that  in 
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the  absence  of  tliis  acid,  only  crystals  of  Fig.  8  are  obtained, 
which,  without  the  study  of  the  cleavage  and  the  optical  characters, 
could  not  be  distinguished  from  triraetric  crystals. 

Cleavages  001  and  110  neat  and  easy.  The  cleavage  110  of  the 
heuiitropic  crystals  (Fig.  8)  exhibits  re-entering  angles. 

Lustre  vitreous  on  the  fracture,  fatty  on  the  faces. 

Hardness  somewhat  greater  than  that  of  gypsum. 

The  crystals  are  optically  positive;  the  line  of  symmetry  [010] 
is  their  principal  medium  line.  Tlie  internal  angle  of  the  optical 
axes  difters  but  little  from  78°:  and  the  plane  which  contains  them 
is  nearly  perpendicular  to  the  edge  of  the  prism  110. 

The  smallest  index  of  refraction  is  approximately  7=1"58.^ 


)) 


Oxide  of  Triefhi/Iphosphine  and  Dichloride  of  Platinum. — No 
precipitate  is  formed  on  mixing  the  aqueous  solutions  of  the  two 
compounds,  however  concentrated ;  but  on  adding  the  anhydrous 
oxide  to  a  concentrated  solution  of  dichloride  of  platinum  in 
absolute  alcohol,  a  crystalline  platinum-compound  is  deposited 
after  a  few  moments.  This  compound  is  exceedingly  soluble  in 
water,  easily  soluble  in  alcohol,  insoluble  in  ether.  On  adding 
ether  to  the  alcoholic  solution,  the  salt  is  precipitated,  although 
with  difficulty,  in  the  crystalline  state.  The  alcoholic  solution, 
when  evaporating  spontaneously,  yields  beautiful  hexagonal  plates, 
frequently  of  rather  large  dimensions.  On  account  of  its 
extreme  solubility,  it  is  not  quite  easy  to  obtain  this  salt  in  con- 
siderable quantity. 

Analysis  has  led  to  the  somewhat  complicated  formula 

C24H6oP403Pt2Cle=3[(C2H5)3PO],  {C^n,)^VC\^  2ViC\. 

Fig.  10. 

The  platinum-salt  has  likewise  been 
examined  by  Quintino  Sella. 

"  System  monoclinic  : — 
100,    101  =  27°    19';    101,    001  = 
46°  23';  010,  111  =  41°  4'. 

Forms  observed  : — 
100,  001,  110,  101,  111,  112  (Fig.  10.) 
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(Fig.  11). 


Combinations  observed : — 
001,  100,  110. 

001,  110,  ri2,  101. 

001,  110,  Il2,  roi,  100,111  (Fig.  12). 


Fig.  11. 


Fig.  12. 


Cleavages  TOl  and  110  neat  and  easy. 

Colour  orange-red. 

The  optical  axes  are  situated  in  010,  i.  e.  in  the  plane  of  sym- 
metry. They  are  seen  across  the  faces  001  and  the  cleavages 
101,  and  they  make  an  apparent  angle  of  about  64^°.' 


|0    }} 


On  mixing  a  concentrated  solution  of  the  oxide  of  triethylphos- 
phine  with  trichloride  of  gold,  a  deep-yellow  oil  is  separated,  which 
crystallizes  with  difficulty  after  considerable  standing.  This  com- 
pound is  exceedingly  soluble  in  water  and  in  alcohol.  When  the 
aqueous  solution  is  heated,  the  gold  is  reduced;  the  transformation 
which  the  oxide  of  trietiaylphosphine  undergoes  in  this  reaction 
has  not  been  examined. 

Chloride  of  Tin  forms  likewise  an  oily  compound  with  the 
oxide :  I  have  not  succeeded  in  crystallizing  this  compound. 

Chloride  of  Mercury  is  without  any  action  on  oxide  of  triethyl- 
phosphine. 

Oxychloride  of  Triethylphosphine, — On  passing  a  cuiTcnt  of  diy 
hydrochloric  acid  through  a  layer  of  oxide  of  triethylphosphine 
which  is  fused  in  a  U-shaped  tube  surrounded  by  boiling  water, 
brilliant  crystals  are  soon  formed.  These  crystals,  however, 
rapidly  disappear,  the  compound  formed  in  the  commencement  of 
the  reaction  uniting  with  an  excess  of  hydrochloric  acid.     The 
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viscous  liquid  wliicli  ultimately  remaius  bcliind,  loscs^  wlicn  heated, 
the  excess  of  hydrochloric  acid,  Icaviug  an  exceedingly  deliquescent 
crystalline  mass,  very  soluble  in  alcohol,  insoluble  in  ether. 

For  analysis,  the  new  compound  was  washed  with  absolute  ether, 
and  dried  over  sulphuric  acid  in  vacuo,  either  at  the  common 
temperature  or  at  40°.  Three  chlorine-determinations  in  speci- 
mens of  different  preparations  led  to  the  formula 

C„H3„P,OCl,  =  (C.H^ljPO  f  (C,H,)3PC1„ 

which  represents  an  oxychloride  of  triethyphosphine.  The 
dichloride  of  triethylphosphine  cannot  be  formed  by  the  action  of 
liydrochloric  acid  upon  the  oxide. 

The  oxychloride  exhibits  with  other  compounds  the  deportment 
of  the  oxide.  It  furnishes  wdth  dichloride  of  platinum  the  same 
platinum-salt  which  is  obtained  with  the  oxide.  In  a  similar 
manner  it  gives  with  iodide  of  zinc  the  iodide-of-zinc-compound  of 
the  oxide  previously  described.  Only  once — under  conditions  not 
sharply  enough  observed  at  the  time,  and  which  I  was  afterwards 
unable  to  reproduce  in  repeated  experiments — a  compound  of  the 
oxychloride  with  iodide  of  zinc  was  formed.  This  substance, 
readily  soluble  in  water  and  alcohol,  crystallized  from  the  latter 
solvent  in  beautiful  colourless  transparent  octahedra,  which,  on 
analysis,  gave  results,  leading  to  the  formula, 

C„H3„PjOCl,Zn,I,=  (C,H,)3P0,ZnI+  [C^Yi,)^VC\,Znl. 

Behaviour  of  Triethylphosphine  with  Sulphur  -  compounds . — The 
remarkable  tendency  of  the  phosphorus-base  to  unite  with  sulphur 
has  already  been  mentioned  in  the  previous  memoir :  the  com- 
bination of  the  two  bodies  is  attended  with  evolution  of  heat,  the 
result  being  a  beautifully  crystalline  substance, 

QH^PS  =  (C,H,)3PS, 

corresponding  to  the  oxide  of  triethylphosphine. 

This  behaviour  has  induced  me  to  study  the  action  of  several 
sulphur-compounds  on  the  phosphorus-base.  In  the  cases  which  I 
have  examined,  the  ultimate  product  is  almost  invariably  the 
sulphide  of  triethylphosphine,  already  mentioned  as  resulting  from 
the  direct  combination  of  the  phosphorus-base  with  sulphur;  but 
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the  conditions  under  wliich  tliis  sulphide  is  produced  vary  con- 
siderably; and  in  the  majority  of  cases,  it  occurs  only  as  a  secondary 
product  of  the  decomposition  of  other  more  direct  compounds, 
some  of  which  appeared  to  me  sufficiently  interesting  to  deserve 
more  minute  investigation. 

In  the  course  of  the  experiments  which  I  am  going  to  describe, 
I  have  prepared  considerable  quantities  of  the  sulphide  of  triethyl- 
phosphine.  This  compound,  although  remarkable  for  tie  facility 
with  which  it  crystallizes,  is  not  easily  procured  in  well-formed 
crystals.  It  was  only  once  or  twice  that  I  obtained  crystals  with 
good  faces.  They  were  examined  by  Quintino  Sella,  who  com- 
municates to  me  the  following  results  : — 

^^  System  rhombohedric  :  — 

100,  111  =  54°  35'. 
Forms  observed: — 

101,  2ir,  210  (Fig.  13). 

Combinations  observed : — 

101,  210  (Fig.  14). 
lOl,  210;  211. 


Fig.  1 


Fig.  14. 


At  summer  heat,  the  crystals  are  very  soft  and  flexible ;  they 
may  be  bent  180°  without  breaking.  At  lower  temperatures,  they 
are  harder  and  much  less  flexible. 

The  crystals  are  optically  positive.  The  index  of  refraction  for 
the  extraordinary  ray  e  =  l°65,  and  for  the  ordinary  ray  a)  =  l'59. 


Behaviour  of  Triethylphosphine  with  Sulphuretted  Hydrogen. — 
The  phosphorus-base   has   no   action   on   sulphuretted  hydrogen. 
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"When  it  is  brought  in  contact  with  liyclrosiilphuric  acid  over 
merciny,  the  gas  docs  not  exhibit  any  alteration.  No  sulphide  of 
tricthvlphosphine  is  formed,  even  in  presence  of  air,  as  might 
indeed  have  been  expected.  The  attraction  of  the  phosphorus- 
base  for  oxygen  prevents  the  oxidation  of  the  sulphuretted 
hydrogen ;  a  solution  of  this  gas  in  water,  when  mixed  with  a  few 
drops  of  triethylphosphine,  may  be  preserved  in  air-filled  vessels 
much  longer  than  without  this  addition. 

Behaviour  of  Triethylphosphine  with  Sulphide  of  Nitrogen. — 
Sulphide  of  Nitrogen,  N  S,  prepared  as  recommended  by  Fordos 
and  Gelis,  viz.,  by  the  action  of  ammonia  on  chloride  of  sulphur 
dissolved  in  disulphide  of  carbon,  is  decomposed  by  triethylphos- 
pliine,  with  evolution  of  light  and  heat.  Gas  is  evolved,  and  at 
the  same  time  a  yellowish  liquid  is  produced,  which,  on  cooling, 
solidifies  into  a  fibrous  mass  of  crystals  of  the  sulphide. 

Behaviour  of  Triethylphosphine  with  Mercaptan. — When  these 
two  bodies  are  mixed  together  in  an  atmosphere  of  carbonic  acid, 
no  alteration  takes  place,  even  if  they  are  left  in  contact  for  some 
time,  or  if  they  are  heated  to  100°  in  sealed  tubes  for  twenty-four 
hours.  But  if  the  mixture  be  poured  into  an  air-filled  flask, 
crystals  of  sulphide  of  triethylphosphine  make  their  appearance  in 
a  few  hours.  The  crystals  increase  if  the  air  has  free  access  to  the 
mixture ;  but  if  the  flask  be  corked,  the  crystallization  is  inter- 
rupted. On  opening  the  flask,  the  entry  of  the  air  may  be 
recognized  by  the  light  cloud  Avhich  the  phosphorus -base,  diff'used 
through  tlie  atmosphere  of  the  vessel,  forms  with  the  oxygen. 
When  a  mixture  containing  excess  of  mercaptan  was  left  for  a  few 
days  in  an  open  flask,  every  trace  of  phosphorus-base  had  dis- 
appeared, and  the  remaining  colourless  liquid  was  filled  with 
crystals  of  the  sulphide.  On  mixing  this  liquid  with  water,  it 
separated  into  two  layers,  the  upper  of  which  quickly  solidified, 
especially  on  exposure  to  the  air,  to  an  imperfectly  crystalline 
mass,  easily  recognized  as  a  mixture  of  sulphide  of  triethylphos- 
phine with  excess  of  mercaptan.  The  impure  crystals  were 
exposed  for  a  while  to  the  air  and  then  recrystallized  from  boiling 
water,  when,  on  analysis,  they  gave  results  agreeing  with  the 
formula 

CeH,5PS-(C,H5)3PS. 
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The  lower  stratum  of  liquid  is  aqueous  alcohol  containing  small 
quantities  of  oxide  of  trietli)lphosphine  and  mcrcaptan.  To 
remove  the  latter,  the  liquid  was  shaken  up  with  recently  precipi- 
tated mercuric  oxide  and  distilled.  The  distillate,  rectified  several 
times  over  lime,  yielded  a  clear  liquid,  which  burnt  with  a  colour- 
less flame  and  exhibited  all  the  characters  of  alcohol. 

The  interpretation  of  this  result  appears  at  the  first  glance 
exceedingly  simple  ;  the  sulphide  of  triethylphosphine  cannot  be 
formed  directly  from  the  phosphorus-base,  but  owes  its  origin  to 
the  oxide  first  produced  by  the  action  of  air,  this  oxide  being 
decomposed  by  the  mercaptan  and  yielding  sulphide  of  triethyl- 
phosphine and  alcohol : 

{C,H,)3P0  +  ^^^JJ^}  S  =  C^JI^I  O  +  (C,H,)3PS. 

Experiment  shows,  however,  that  this  equation  illustrates  only  the 
final  result  of  the  reaction.  Oxide  of  triethylphosphine  and  mer- 
captan, brought  together  under  the  most  various  conditions  at 
ordinary  temperatures  and  under  pressure,  do  not  yield  a  trace  of 
sulphide  of  triethylphosphine;  and  we  have  to  suppose,  therefore, 
that  the  mercaptan  interchanges  its  sulphur  with  the  oxj^gen  of 
the  oxide  of  triethylphosphine,  only  at  the  instant  of  formation  of  the 
latter,  or  what  comes  to  the  same  thing,  that  the  oxygen  of  the  air, 
in  presence  of  a  substance  so  greedy  of  sulphur  as  triethylphos- 
phine, directly  takes  the  place  of  the  sulphur  in  the  mercaptan. 

In  connection  with  this  subject,  various  attempts  were  made  to 
replace  the  oxygen  in  oxide  of  triethylphosphine  by  sulphur.  But 
neither  by  treatment  with  sulphide  of  ammonium,  nor  by  continued 
boiling  with  the  higher  sulphides  of  potassium,  could  the  oxide  be 
converted  into  the  corresponding  sulphide,  whereas  the  conversion 
I  of  the  sulphide  into  the  oxide  takes  place  without  any  difficulty. 
This,  however,  is  not  more  than  might  have  been  expected  from 
the  behaviour  of  the  oxide  with  hydrochloric  acid,  mentioned  in 
one  of  the  preceding  paragraphs.  The  different  degrees  of 
stability  which  characterize  the  oxide  and  the  sulphide  of  triethyl- 
•  phosphine  may  also  be  strikingly  seen  in  the  behaviour  of 
these  compounds  with  sodium,  the  sulphide  being  reduced,  with 
the  greatest  facility,  to  free  triethylphosphine,  even  below  the 
melting-point  of  the   sodium,  whereas  the  oxide  may  be  distilled 
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from  sodium  without  experiencing  the  slightest  alteration.* 
Ebullition  with  ordinary  concentrated  nitric  acid  likewise  converts 
the  sulphide  into  the  oxide,  the  sulphur  being  at  the  same  time 
transformed  into  sulphuric  acid.  The  liquid  filtered  off  from  the 
precipitate  obtained  by  barium-salts,  when  evaporated  to  dryness 
and  fused  with  nitrate  of  potassium,  yields  no  further  trace  of 
sulphur. 

Behaviour  of  Triet/njiphosphine  with  Bisulphide  of  Carbon. — 
These  two  bodies,  when  mixed  in  the  anhydrous  state,  act  upon 
one  another  with  considerable  force,  amounting  frequently  to 
explosive  violence,  and  unite  into  a  red  crystalline  mass.  The 
compound  is  best  prepared  by  mixing  the  solutions  of  its  consti- 
tuents in  alcohol  or  ether  :  the  new  body  then  instantly  separates 
in  beautiful  red  crystalline  laminae. 

Several  times  recrystallized  from  alcohol  and  dried  over  sulphuric 
acid,  the  new  body  has  furnished  results  leading  to  the  formula, 

C,H,5PS,=  (C,H5)3P  +  CS,. 

The  red  crystals  are  not  the  only  product  of  the  action  of  disul- 
phide  of  carbon  on  triethylphosphine.  A  second  beautifully 
crystallized  compound  is  deposited  after  some  time  from  the 
mother-liquor.  This  substance  is  formed  in  extremely  minute 
quantity  :  its  nature  is  not  yet  established. 

The  compound  of  triethylphosphine  with  disulphide  of  carbon  is 
insoluble  in  water,  sparingly  soluble  in  ether,  moderately  soluble 
in  disulphide  of  carbon,  and  somewhat  more  soluble  in  alcohol, 
especially  when  heated.  The  solution  has  no  action  on  vegetable 
colours.  From  the  boiling  alcoholic  solution,  it  separates  on  cool- 
in  red  needles,  somewhat  resembling  the  crystals  of  chromic  acid, 
which  are  formed  by  the  action  of  strong  sulphui'ic  acid  on  a  solu- 
tion of  chromate  of  potassium.  The  ethereal  solution,  left  to 
evaporate  in  an  open  cylinder,  deposits  finely  developed,  deep-red 
crvstals  of  considerable  size.  Quintino  Sella  has  examined  these 
crystals  with  the  following  results. 

*  In  the  previous  memoir,  it  is  plated  that  the  phosphorus-base  is  reproduced  from 
the  oxide  h»y  the  action  of  metallic  sodium.  Probably  the  oxide  used  in  the  former 
experiments  contained  a  small  quantity  of  free  triethylphosphine,  and  thus  led  to 
an  erroneous  statement. 
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"  System  monoclinic  : — 

100,  101  =29°  41  i';  010,  111  =  74°  4';  101,001 

Forms  observed  : — 

100,  010,  001,  110,  lOl  (Fig.  15.) 

Combinations  observed : — 

100,  110,  001,  101   (Fig.  16.) 
100,  110,  001,  101,  010  (Fig.  17.) 


27°  7i'. 


Fig.  15. 


^00 


100 


Fig.  16. 


Fig.  17. 


JIO 


Cleavages  : — 010,  100,  neat  and  easy. 

The  crystals  are  optically  positive  :  the  medium-line  coincides 
with  the  axis  of  symmetry  [010].  The  interior  angle  of  the 
optical  axes  is  not  very  different  from  70°.  The  plane  of  the 
optical  axes  is  nearly  parallel  to  the  face  001.  The  axis  of  sym- 
metry, or  of  smallest  elasticity,  exhibits  a  violet-red  colour,  which 
even  in  very  thin  layers  is  very  intense.  The  axis  nearly  parallel 
to  [100],  or  the  axis  of  greatest  elasticity,  exhibits  a  similar  but 
much  lighter  red  tint.  The  normal  shows  in  thin  layers  a  straw- 
yellow,  in  thicker  layers  an  orange-yellow  colour.  In  polarized 
light,  one  of  the  most  beautiful  examples  of  dichroism  is  observed  by 
looking  across  the  faces  010,  the  colour  passing  in  the  case  of  thin 
layers  from  a  pure  yellow  to  a  deep  red.  But  even  in  ordinary 
light  the  dichroism  is  perceptible ;  for  the  light  passes  with  a 
violet-red  across  the  faces  100,  and  with  an  orange-red  colour  of 
far  less  intensity  across  the  faces  010. 

Hardness  less  than  that  of  gypsum." 
•    The  red  crystals  appear  to  possess  the  character  of  a  weak  base. 
They  dissolve  in  strong  hydi'ochloric  acid,  forming  a  colourless 
liquid,   from  which  potassa  or  ammonia  throws  down  the  com- 
pound in  its  original  state,  though  somewhat  lighter  in  colour,  on 


VOL.  XIII, 


X 


306  DE.  hofmanm's  contributions  to  the 

account  of  its  minute  state  of  division.  The  acid  solution  forms 
with  dichloride  of  platinum  a  light  yellow  amorphous  salt,  in- 
soluble in  alcohol  and  ether,  which  changes  colour  and  somewhat 
decomposes  on  drying.  It  darkens  in  colour,  even  when  dried  in 
vacuo,  hydrochloric  acid  fumes  being  evolved.  The  analysis  of  a 
slightlv  decomposed  salt  gave  results  approximately  agreeing  with 
tlic  formula, 

(C,H5)3P,CS„HCl,PtCl,. 

The  gold-salt  is  obtaiued  like  the  platinum-salt,  and  exhibits 
similar  properties. 

It  is  not  very  easy  to  form  a  clear  notion  of  the  constitution  of 
the  red  crystals.  According  to  the  formula,  the  compound  is  the 
primary  triethylphosphonium-salt  of  sulphocarbonic  acid  minus  1 
equiv.  of  sulphuretted  hydrogen,  and  corresponds  therefore  to  sul- 
phocarbamic  acid,  the  ammonium  salt  of  which,  as  is  well  known, 
is  produced  by  the  action  of  ammonia  on  disulphide  of  carbon. 
Tlicre  is,  however,  no  analogy  in  the  constitution  of  the  two 
substances. 

The  red  crystals  exhibit  a  remarkable  tendency  to  pass  into  the 
sulphide  of  triethylphosphine.  On  mixing  their  alcoholic  solution 
with  oxide  or  nitrate  of  silver,  carbonic  acid  is  evolved,  sulphide  of 
silver  and  metallic  silver  are  separated,  and  the  filtered  solution, 
when  evaporated,  deposits  crystals  of  the  sulphide : 

(C,H,)3P,CS,  +  2Ag,0=Ag,S  +  Ag,  +  CO,+  (C2H,)3PS. 

The  disulphide-of-carbon-compound  undergoes  a  similar  change, 
even  under  the  influence  of  moisture.  Crystals  which  had  not 
been  dried  with  sufficient  care,  were  changed,  after  a  few  months, 
when  kept  in  corked  tubes,  into  a  yellowish  white,  semifluid  mass, 
of  peculiar  odour,  which,  by  recrystallizstion  from  boiling  water, 
furnished  a  considerable  quantity  of  pure  sulphide  of  triethylphos- 
phine. To  estaljlish  this  transformation  by  numbers,  the  purified 
crystals  were  identified  by  analysis. 

It  is  obvious  that  the  transformation  of  the  red  crystals  into  the 
sulphide  involves  the  co-operation  of  the  elements  of  water.  Per- 
fectly dry  crystals  were  preserv  ed  in  sealed  tubes  for  many  months 
without  the  slightest  alteration.  The  crystals  fuse  at  95°  and 
volatilize  at  100°;  in  the  absence  of  moisture,  they  may  be  heated 
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under  pressure  to  150°  Tvitliout  undergoing  any  decomposition. 
The  phenomena  are  very  different  in  the  presence  of  water.  When 
exposed  for  some  days  in  sealed  tubes  with  water  to  a  temperature 
of  100°,  the  red  crystals  are  gradually  transformed  into  white 
needles,  which  are  easily  recognized  as  sulphide  of  triethylphos- 
phine.  The  transformation  is  independent  of  atmospheric  air  :  for 
it  takes  place  with  equal  facility  in  vessels  with  air,  or  carbonic 
acid,  or  in  vacuo. 

The  products  which  accompany    the  sulphide   formed  in  this 
reaction  vary  according  to  the  time  during  which  the  red  crystals 
are  digested  with  water.     If  the  tubes  be  allowed  to  cool  after  one 
or  two  days^   digestion,   the  liquid  generally  becomes  filled  with 
white  needles,  which  are,  however,  still  intermixed  with  red  prisms, 
showing  that  the  transformation  is  not  yet  complete.     Scarcely 
any    gas  escapes  when  tlie  tubes    are  opened,  but  when  gently 
heated,  the  liquid  yields  abundance  of  disulphide  of  carbon.     On 
the  other  hand,   when  the  tubes  are  heated  until    the  transfor- 
mation of  the  red   compound  is   accomplished, — which  generally 
takes  place  after  three  or  four  days'  digestion, — a  large  volume  of 
gas  escapes  on  opening  the  tubes,  and  they  are  occasionally  shattered. 
The  gas  which  is  thus  evolved  consists  of  sulphuretted  hydrogen 
and  carbonic  acid,  which  are  obviously  secondary  products  of  the 
reaction,  arising  from  the  protracted  action  of  the  water  upon  the 
disulphide  of  carbon,  which  is  separated  in  the  first  stage  of  the 
process.     The  liquid  from  which  the  crystals  of  sulphide  have  been 
deposited  has  a  distinctly  alkaline  reaction,  which  belongs  neither 
to  the  sulphide  nor  to  the  red  crystals  from  which  the   sulpliide 
arises,  both  these  compounds  being  without  action  on  vegetable 
colours.     To  seize  the  basic  substance,  the  liquid  was  evaporated 
on  the  water-bath,  till  the  sulphide  had  been  as  far  as  possible 
expelled,  and  then  precipitated  with  iodide  of  zinc,  which  does  not 
combine  with  the  sulphide,  traces  of  this  body  which  might  have 
remained,  being  in  this   manner  eliminated.     The  iodide-of-zinc- 
precipitate  was  semisolid,  and  slowly  became  crystalHne  on  treat- 
ment with  alcohol ;  it  did  not,  however,  exhibit  a  sufficiently  definite 
appearance  to  warrant  its   analysis.      The    bases  were  therefore 
at  once  liberated  again  by  digesting  the  precipitate  with  oxide   of 
silver;  the  powerfully  alkaline  liquid  thus  obtained  gave,  on  addi- 
tion of  hydrochloric  acid  and  dichloride  of  platinum,  a  difficultly 
soluble  platinum -salt,  crystallizing,  after  the  necessary  purification^ 

x2 


v-'^ 
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from  boiling  water,  in  splendid  oetoliedra,  which  on  analysis  proved 
to  he  the  mcthyl-triethylphosphoniiira-compound. 

The  solution  filtered  off  from  the  octohedral  salt  gave,  on  evapo- 
ration, the  extremely  soluble  six-sided  tables  of  the  platinum-salt 
of  oxide  of  tricthylphosphine,  which  I  have  mentioned  in  the 
commencement  of  this  paper. 

The  j)roducts  of  the  action  of  water  upon  the  red  crystals,  then, 
are  sulphide  of  triethylphosphine — the  principal  product — oxide  of 
tricthylphosphine,  hydrate  of  methyl-triethylphosphonium,  and 
disulphidc  of  carbon,  which  may  be  partly  or  entirely  converted 
into  sulphuretted  hydrogen  and  carbonic  acid.  Four  molecules  of 
the  disulphide-of- carbon-compound  and  two  molecules  of  water 
contain  the  elements  of  two  molecules  of  the  sulphide,  one  mole- 
cule of  the  oxide,  one  molecule  of  the  hydrated  phosphonium,  and 
three  molecules  of  disulphide  of  carbon  : 

4[(C,H,)3P-CS,]  +  2  [2}  Oj  =  2[(C,H5)3PS]  +  (C,H,)3P0  + 

[(CH3)(C,H,)3Pno+3CS, 

Whilst  engaged  with  the  experiments  involved  in  the  elucida- 
tion of  this  subject,  I  observed  occasionally  small  well-defined 
vellow  crystals  disseminated  amonsr  the  mixture  of  white  and  red 
needles,  which  are  deposited  when  the  digestion-tubes  are  allowed 
to  cool,  before  the  transformation  is  terminated.  The  yellow 
crystals  appeared  in  greater  quantity  towards  the  close  of  the 
operation,  and  were  found  to  be  a  secondary  product  formed  by 
the  action  of  the  sulphuretted  hydrogen,  which  is  generated  in  the 
last  stage  of  the  process.  I  have  since  learnt  to  prepare  the 
yellow  crystals  by  a  simpler  and  more  definite  method.  This 
remarkable  compound  has  become  the  starting-point  of  a  new 
enquiry,  the  result  of  which  I  reserve  for  a  later  communication. 

The  formation  of  the  red  crystals  by  the  union  of  triethylphos- 
phine and  disulphide  of  carbon  takes  place  so  rapidly,  and  with 
such  facility,  that  ever  since  the  first  time  I  observed  this 
phenomenon,  1  have  used  the  disulphide  of  carbon  as  a  reagent  for 
the  detection  of  the  phosphorus-bases :  for  trimethylphosphine 
exhibits  a  de|X)rtment  perfectly  similar  to  that  of  the  ethyl-body. 
The  minutest  quantities  of  these  bases  may  thus  be  readily  and 
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safely  recognized.  The  reaction  is  best  observed  by  pouring  the 
liquid  to  be  examined  upon  a  watch-glass,  and  allowing  the  vapour 
of  the  disulphide  of  carbon  to  flow  from  an  inclined  bottle  upon  the 
liquid.  The  watch-glass  immediately  becomes  coated  with  a  beauti- 
ful net-work  of  the  red  crystals.  It  requires  scarcely  to  be  men- 
tioned that  the  crystals  are  formed  only  when  the  phosphorus- 
bases  are  free.  They  appear,  however,  readily  on  adding  to  a 
mixture  of  their  salts  and  disulphide  of  carbon,  a  drop  of  potash, 
which  liberates  the  bases. 

On  the  other  hand,  triethylphosphine  may  be  employed  with  the 
greatest  advantage  as  a  test  for  disulphide  of  carbon.  There  is,  in 
fact,  no  test  for  this  substance,  which  in  delicacy  could  be  compared 
with  it.  By  its  aid  the  presence  of  the  disulphide  in  the  most 
volatile  fractions  of  coal-tar-benzol  is  readily  proved ;  even  the 
exceedingly  small  quantity  of  disulphide  of  carbon  diffused  in  the 
most  carefully  purified  coal-gas  may,  as  I  have  shown  already  in 
another  place,*  be  recognized  without  any  difficulty. 

In  order  to  satisfy  myself  that  disulphide  of  carbon  may  be 
employed  with  safety  as  a  test  for  the  phosphorus-bases,  it  was 
necessary  to  examine  the  deportment  of  this  compound  with  the 
arsines  and  stibines.  Disulphide  of  carbon  exhibits  no  reaction 
with  triethylarsine  and  triethylstibine.  I  have  left  mixtures  of 
these  bases  with  the  disulphide  in  contact  for  a  considerable  length 
of  time,  both  at  the  common  temperature  and  at  100°,  without 
being  able  to  observe  the  slightest  alteration.  I  have  also  satisfied 
myself  that  disulphide  cf  carbon,  at  all  events  in  the  common 
temperature,  is  without  action  upon  phosphoretted  hydrogen. 


In  examining  somewhat  minutely  into  the  deportment  of 
triethylphosphine  with  sulphur-compounds,  the  organic  sulphocya- 
nates  could  not  be  left  unnoticed.  My  attention  was  in  the  first 
place  fixed  by  the  sulphocyanate  of  phenyl,  which  I  had  just  dis- 
covered at  the  time  I  was  engaged  in  the  study  of  these  reactions. 

Action  of  Sulphocyanate  of  Phenyl  vpon  Triethylphosphine.  The 
reaction  between  the  two  substances  in  the  anhydrous  state  is  very 

*  Quarterly  Journal  of  the  Chemical  Society,  vol.  xiii..  p.  87. 
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violent,  and  frequently  causes  the  inflammation  of  the  phosphorus- 
base.  The  mixture  assumes  a  deep-yellow  colour,  and  on  cooling 
deposits  sometimes  splendid  uranium- yellow  needles;  often,  how- 
ever, it  remains  liquid  for  hours,  and  even  for  days,  but  suddenly 
solidifies,  when  touched  with  a  glass  rod,  into  a  hard  yellow 
crystalline  mass.  The  new  compound  is  most  conveniently  pre- 
pared by  allowing  the  sulphocyanate  to  act  upon  the  triethyl- 
phosphine  in  the  presence  of  a  considerable  volume  of  ether.  The 
product  of  the  reaction,  being  difficidtly  soluble  in  cold  ether,  often 
separates  in  the  crystalline  state,  more  frequently  as  an  oil,  which 
solidifies  after  some  time.  In  order  to  ensure  perfect  purity,  it  is 
only  necessary  to  crystallize  the  compound  once  or  twice  from 
boiling  ether. 

The  numbers  obtained  in  analysis  characterize  the  new  body  as 
a  combination  of  one  molecule  of  triethylphosphine  with  one 
molecule  of  sulphocyanate  of  phenyl : 


P  +  cJJ  S  =  Cj3H,„NPS. 


The  above  formula  is  fully  corroborated  by  the  analysis  of  several 
well-defined  salts,  which  will  be  mentioned  presently. 

The  yellow  crystals  are  insoluble  in  water.  Alcohol,  both  cold 
and  hot,  dissolves  them  in  almost  every  proportion.  The  best 
crystals  were  obtained  by  the  spontaneous  evaporation  of  the 
ethereal  solution  in  high  open  cylinders.  Some  of  these  crystals 
were  so  well  developed,  that  Quintino  Sella  was  enabled  to  sub- 
mit them  to  a  detailed  crystallographic  examination_,  an  abstract  of 
which  I  here  insert. 

"  System  monoclinic  : — 

^'°'  ^^'  100,  001  =  61°  2';  010,  110=44°  27'. 

Forms  observed: — 

100,  010,  001,  110  (Fig.  18). 

,  Combinations  observed  : — 

110,  001  (Fig.  19). 
110,  100,  001  (Fig.  20). 
110,  001;  100,  010  (Fig.  21). 
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Fig.  19. 


Fig.  20. 


Fig.  21. 


110 


no 


no 


too 


no 


leo 


Cleavage  100  easy;  cleavage  110  fibrous. 

Hardness  nearly  that  of  gypsum. 

If  we  endeavour  to  associate  this  compound  with  well-known 
bodies,  in  order  to  obtain  some  insight  into  the  probable  arrange- 
ment of  its  proximate  constituents,  both  its  formation  and  its 
deportment  point  to  wea.  Urea  is  generated  by  the  combination 
of  ammonia  and  cyanic  acid ;  the  yellow  crystals  are  formed  by 
the  union  of  two  compounds  derived  respectively  from  ammonia 
and  cyanic  acid.  In  urea  the  faculty  possessed  by  ammonia  of 
combining  with  acids  has  been  preserved ;  the  new  compound 
likewise  exhibits  the  sharply  defined  characters  of  a  monacid  base. 
Whatever  constitution  be  attributed  to  urea,  must  also  be  claimed 
for  the  new  base.     If  urea  be  viewed  as  a  monacid  diamine, 


CH4N20  = 


(CO)'^" 
H. 


N, 


23 


the  yellow  crystals  present  themselves  as 


C,3H2oNPS 


(CS)'' 

(^21^5)2 

(C2H5)(CeH3) 


NP. 


The  new  compound  accordingly  belongs  to  the  type  urea  :  it 
may  be  viewed  as  ordinary  urea,  the  oxygen  of  which  is  replaced 
by  sulphur,  and  the  hydrogen  by  ethyl  and  phenyl,  whilst 
phosphorus  has  taken  the  place  of  half  the  nitrogen.  Regarded 
from  this  point  of  view,  the  formation  of  the  new  compound 
presents    considerable    interest:    it    ofi'ers   the    first   example   of 
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tlic  perfect  substitution  of  the  hydrogen  in  urea,  wliicli  had 
remained  doubtful  hitherto,  and  iUustrates  in  a  remarkable  man- 
ner the  persistence  of  the  type  urea  under  the  influence  of  an  I 
almost  overwhehning  substitution.  At  the  same  time  it  deserves 
to  be  noticed  tliat  the  corresponding  oxygenated  urea  remains  to 
be  discovered. 

The  new  compound,  as  already  mentioned,  possesses  the 
properties  of  a  well-defined  organic  base.  Insoluble  in  water, 
it  dissolves  with  the  greatest  facility  even  in  very  diluted  acids, 
giving  rise  in  many  cases  to  easily-crystallizable  salts  which  arc 
capable  of  double  decomposition,  and  from  which  the  base  may  be 
reprecipitatcd  by  the  careful  addition  of  potassa  or  ammonia. 

Chloride. — The  solution  of  the  phenyl-compound  in  warm  con- 
centrated hydrochloric  acid  solidifies  on  cooling  to  a  crystalline 
mass,  which,  when  recrystailized  from  moderately  warm  water, 
furnishes  splendid  cadmium-yellow  crystals,  frequently  an  inch  in 
length.  Boiling  water  has  to  be  avoided,  since  it  decomposes  the 
substance.  Even  the  dry  crystals  are  altered  at  100°;  they  must 
therefore,  like  all  the  other  salts  of  the  base,  be  dried  in  vacuo  over 
sulphuric  acid. 

The  chloride  is  composed  according  to  the  formula 


Ci3H2iNPSCl  = 


r    (CS)"  1         ■^ 

H(C,H3),  U^P    CI. 

(CA)(CeH,)J        J 


Bromide. — Both  in  preparation  and  properities,  precisely  similar 
to  the  salt  previously  mentioned.     It  contains 


C,3H2,NPSBr  = 


r  (cs)" 
Hic^iy^ 


NP 


Br. 


PJatinum-salt. — The  solution  of  the  chloride  furnishes  with 
dichloride  of  platinum  a  light-yellow  crj^stalhne  precipitate. 
Dilute  solutions  slowly  deposit  this  salt  in  somewhat  better-formed 
crystals,  which  are  frequently  grouped  in  lily-shaped  aggregations. 
It  was  found  to  contain 


Ci3H2iNPSPtCl3  = 


■  (CS)" 
H(C2H5)2 

■  (C,H5)(CeH5). 


NP 


Cl,PtCl. 
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I  did  not  succeed  in  preparing  the  sulpliate  or  tlie  nitrate  of  tlic 
base.  The  phenyl-cornpound  is  rapidly  decomposed  under  the 
influence  of  these  acids ;  it  forms^  however^  beautifully  crystallized 
salts  with  the  iodides  of  methyl  and  ethyl.  1  have  examined  only 
the  former  of  these  compounds. 

lodide-of-MetJiyl-compound. — When  iodide  of  methyl  is  poured 
into  an  ethereal  solution  of  the  urea,  the  new  compound  is  at  once 
separated  as  a  heavy  oil  which  rapidly  solidifies  into  a  crystalline 
mass.  The  crystals  dissolve  in  boiling  water  which  on  cooling 
deposits  the  iodide  in  splendid  needles  of  a  golden-yellow  colour. 

These  crystals  contain 

r  (CS)"  )         1 

C,,H23NPSI=     (CH3)(C,H5)2  ^NP    I. 

Platinum-salt  of  the  Methyl-compound. — The  chloride  obtained 
by  treating  the  iodide  with  chloride  of  silver,  yields  on  addition 
of  dichloride  of  platinum,  an  acicular  platinum-salt,  which  may  be 
recrystallized  without  decomposition  from  boiling  water.  Its 
composition  corresponds  to  that  of  the  iodide  : 


Ci4H23NPSPtCl3  = 


(CS)" 
(CH3)(C,H,)2  ^NP 

(C2H5)(CeH3). 


CI,  PtCl2. 


The  iodide,  when  treated  with  oxide  of  silver,  furnishes,  together 
with  iodide  of  silver,  a  very  caustic  liquid  containing  the  corre- 
sponding oxide.     The  presence  in  this  liquid  of  the  compound, 

C,H,NPSO  =  t(CH3){(CS)"(C,H,)3(CA)NP]Jo^ 

is  proved  by  the  fact  of  the  characteristic  needle-shaped  platinum- 
salt  being  immediately  reproduced  when  it  is  saturated  with 
hydrochloric  acid  and  mixed  with  dichloride  of  platinum.  The 
free  base  is,  however,  readily  decomposed.  On  boiling,  the  odour 
of  sulphocyanate  of  phenyl  becomes  at  once  perceptible ;  if  ebulli- 
tion be  continued  until  the  odour  has  disappeared,  addition  of 
hydrochloric  acid  and  dichloride  of  platinum  no  longer  furnishes 
the  difficulty  soluble  needles.  In  their  place,  large  well -developed 
orange-yellow  octahedra  are  deposited  on  evaporation,  which  by 
analysis  were  found  to  be  the  platinum-salt  of  methyl-triethyl- 
phosphonium. 
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The  free  methylated  phenyl -base  then  simply  splits,  by  ebulli- 
tion, into  sulphocyanate  of  phenyl  and  oxide  of  methyl-triethyl- 
phosphonium.  AVhen  the  solution  is  boiled  by  itself,  the  sulpho- 
cyanate is  separated  as  such ;  when  it  is  boiled  in  the  presence  of 
oxide  of  silver,  the  sulphocyanate  is,  partly  at  least,  destroyed,  the 
alkaline  solution  becoming  acid  and  exhibitinp^  the  presence  of 
considerable  quantities  of  sulphuric  acid.  This  transformation 
clearly  shows  how  feebly  the  proximate  constituents  are  held 
together  in  tlie  urea.  The  same  instability  is  perceptible  in  the 
general  deportment  of  the  compound.  Even  extremely  dilute 
nitric  acid  liberates  the  sulphocyanate  of  phenyl,  whilst  the 
phosphorus-base  is  converted  into  the  oxide.  The  chloride  is  one 
of  the  more  stable  salts  of  the  urea,  but  it  is  likewise  readily 
altered :  on  addition  of  a  large  quantity  of  water,  the  solution  of 
the  salt  becomes  milky,  the  sulphocyanate  of  phenyl  being  sepa- 
rated in  oily  globules,  and  now  contains  the  chloride  of  triethyl- 
phosphouium.  On  adding  ammonia  to  the  concentrated  solution 
of  the  chloride,  the  urea,  as  akeady  stated,  is  separated  with- 
out change,  and  may  be  easily  recovered  by  taking  up  with 
ether  and  crystallizing.  If,  on  the  other  hand,  the  dilute  solution 
be  boiled  with  ammonia,  the  tui'bidity  perceptible  in  the  com- 
mencement disappears  again,  and  after  a  few  moments  beautiful 
crystals  of  phemjl-sulphocarh amide  are  deposited,  triethylphos- 
phine  being  simultaneously  liberated  : 

(CS)"    )  (CS)"  ) 

(CgHs)  )  H3  j 

On  treating  the  chloride  with  potassa,  phenomena  exactly 
analogous  are  observed;  the  crystals  which  are  separated,  are, 
however,  dijjhenyl-sulphocarbamide : 


(CS)" 


s  +  1}  CO3  -^  g}  o 


K 


(CS)" 
-f  2[(C,H3)3P]  +(C,H,),^N2. 

If  a  few  drops  of  disulphide  of  carbon  be  added  to  the  solution 
of  the  urea,  the  liquid,  when  gently  heated,  assumes  a  deep  red 
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colour,  and  deposits  on  cooling  the  beautiful  ruby-red  crystals 
(C2Hg)3P_,CS.2,  which  I  have  mentioned  in  a  previous  paragraph  of 
this  paper.  The  mother-liquor  of  these  crystals  furnishes  ou 
evaporation  oily  droplets  of  sulphocyanate  of  phenyl.  The  urea, 
even  when  perfectly  pure  and  dry,  cannot  be  preserved  without 
undergoing  a  gradual  alteration.  If  the  crystals  be  left  under  a 
bell-jar  containing  atmospheric  air,  they  become  dull,  and  at  last 
moist  and  sticky,  whilst  a  peculiar  extremely  disagreeable  odour, 
distantly  resembling  that  of  hydrocyanic  acid,  becomes  percepti- 
ble j  at  the  same  time,  a  delicate  net-work  of  fine  needles  begins 
to  appear  on  the  glass,  easily  recognized  as  sulphide  of  triethyl- 
phosphine.  The  crystals  of  the  urea  fuse  at  57°* 5,  forming  a 
yellow  liquid,  which,  in  consequence  of  incipient  decomposition, 
resolidifies  but  slowly  and  imperfectly.  At  100°,  the  phenomena 
just  mentioned  are  much  more  distinctly  observed,  and  especially 
the  smelling  body  is  unmistakeably  perceived.  The  peculiar 
smelling  body  is  likewise  almost  overwhelmingly  produced  on 
evaporating  the  ethereal  mother-liquor  of  the  compound.  As  yet 
I  have  not  been  able  to  lay  hold  of  the  possessor  of  this  remark- 
able odour.  The  ethereal  mother-liquor,  when  evaporated,  leaves 
a  brown  syrup,  which  after  some  time  deposits  large  crystals  of 
sulphide  of  triethylphosphine.  Submitted  to  distillation,  this 
residue  yields,  together  with  other  products,  an  additional  quantity 
of  the  crv^stallized  sulphur-compound. 

Transformations  precisely  similar  are  observed  when  the  crystals 
of  the  urea,  in  sealed  tubes,  are  exposed  to  a  temperature  of  from 
150*^  to  160°.  The  brown  fused  mass  which  is  thus  formed, 
solidifies  on  cooling  with  crystalline  structure;  the  crystals,  how- 
ever, are  no  longer  the  original  compound,  but  sulphide  of  triethyl- 
phosphine, which  is  surrounded  by  another  substance.  The 
examination  of  this  reaction  has  not  yet  been  completed.  The 
nature  of  the  final  product  of  the  metamorphosis  may,  however, 
be  anticipated,  in  some  measure,  by  the  results  obtained  in  studying 
the  deportment  of  triethylphosphine  with  sulphocyanate  of  ethyl  and 
sulphocyanate  of  ethylene,  which  will  be  briefly  mentioned  in  some 
of  the  following  paragraphs. 

Action  of  Sulphocyanate  of  Allyl  upon  Triethylphosphine.— To 
generalize  the  relations  established  in  the  preceding  paragraph,  I 
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was  induced  to  examine  the  deportment  of  the  phosphorus-base 
witli  oil  of  mustard.  The  two  bodies  act  upon  each  other  with 
extraordinary  violence;  the  mixture  turns  brown^  but  does  not 
solidify  either  by  cooling  or  by  agitation.  After  some  days,  how- 
ever, the  syrup  yields  brown  crystals  which  are  difficult  to  purify. 
The  purification  of  the  compound  succeeds,  however,  without  any 
difficulty  when  the  reaction  is  allowed  to  take  place  in  ether.  In 
this  manner  a  crystalline  mass  is  easily  obtained,  which  requires 
only  to  be  washed  with  cold  ether,  and  then  once  recrystallized 
from  boiling  ether. 
It  has  the  formula, 


C,,H,,NPS  =  (C,H3), 


NP. 


The  allyl-corapound  behaves  in  all  respects  like  the  pheuyl-cora- 
pound.  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol;  the 
solution  has  a  faintly  alkaline  reaction.  It  fuses  at  68°  and 
solidifies  at  61°.  At  a  higher  temperature,  it  is  decomposed 
exactly  like  the  phenyl -compound.  In  this  case  also,  a  peculiar, 
and  if  possible,  still  more  repulsive  odour  is  evolved,  while  crystals 
of  sulphide  of  triethylphosphine  separate  in  large  quantity. 

The  allyl-com pound  ciystallizes  with  extraordinary  facility. 
There  is  no  difficulty  in  obtaining  it  in  colourless  transparent 
crj'stals  half  an  inch  in  length,  and  perfectly  developed  on  all 
sides.  I  scarcely  remember  any  other  organic  compound  that 
crj'stallizes  so  readily.  The  crystals,  as  appears  from  the  measure- 
ments ofQuintino    Sella,    are  isomorphous  with  those  of  the 

phenyl-compound.  Sella  has  com- 
municated to  me  the  following  details 
respecting  his  examination. 


'^  System  monoclinic  : — • 

100,  101  =  35°  42' ;  001,  lOI  =  29°  3'; 
010,  111  =39°  22'. 


Fig.  22. 


jae 


-\/oo 


ao/ 


101 


Forms  observed : — 
100,  001,  110,  101,  201,  112  (Fig.  22). 
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Fig.  23. 


Combinatious  observed : — 
001,  100,  110  (Fig.  23). 
001,  101,  110  (Fig.  24). 
100,001,  101,  110  (Fig.  25). 
100,  001,  101,  110,  112  (Fig.  26). 
100,  001, 101, 110,  201, 112  (Fig.  27). 

Tig.  24. 


The  form  112  is  sometimes  bemihedral. 
Cleavages  100  and  001  neat,  easy. 


Fig.  26. 


Fig.  25. 


Fig.  27. 


The  optical  axes  are  situated  in  the  plane  of  symmetry,  viz.,  010 ; 
their  principal  medium  is  perpendicular  to  101,  and  their  internal 
angle  is  about  72^°.  The  index  of  refraction  of  the  ray  vibrating 
parallel  to  the  axis  of  symmetry  is  yS  =  1*657. 

Hardness  less  than  that  of  gypsum.'^ 
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Platiuum-salt. — T  have  contented  myself  with  verifying  the 
formuhi  of  tlie  allyl-urea  by  the  analysis  of  the  platinum-salt. 
The  allyl-compound  dissolves  readily  in  hydrochloric  acid,  and  the 
solution,  when  mixed  ^Yith  dichloride  of  platinum,  yields  a  light- 
yellow  scaly  precipitate  having  a  silky  lustre,  which  fuses  to  a 
yellow  oil  in  boiling  water,  and  is  represented  by  the  formula — 


Cion2iNPSPtCl3  = 


■    (CS)" 

ii(cji3),       y  NP 

_  (c,M3)(C3iy 


CI,  PtCL. 


The  allyl-base  described  in  the  preceding  pages  has  the  comiDO- 
sition  of  sulphocyanide  of  triethyl-allylphosphonium. 

(C^'"  1        _     CN  7 

(SSihH,)]  [(C.H3)3(C3H,)P]|  S. 

I  felt  some  interest  in  comparing  the  latter  compound  with  the 
allyl-base.  Iodide  of  allyl  acts  with  the  greatest  energy  upon 
tiicthyljdiosphine.  The  solid  product  of  the  reaction,  recrystallized 
from  alcohol,  furnishes  splendid  needles  of  iodide  of  triethyl- 
allylphosphonium,  which,  by  analysis,  was  found  to  contain — 

[(C,H,)3(C3H3)P]I. 

Treatment  with  chloride  and  oxide  of  silver  yields  the  cor- 
responding chloride  and  hydrate.  They  resemble  in  every  respect 
the  tetrethylphosphonium-compounds.  The  chloride  gives  with 
dichloride  of  platinum  an  easil}^  crystallizablc  octohedral  platinum- 
salt. 

The  hydrate  of  trietliyl-allylphosphonlum  forms  with  hydrosul- 
phocyanic  acid  a  difficultly  crystallizablc  salt  which  is  easily 
soluble  in  water,  and  differs,  as  might  have  been  expected,  entirely 
from  the  allyl-base  which  has  the  same  composition. 

Behaviour  of  TrictlnjJpliosplnne  with  the  Sulphocyanates  of  Ethyl 
unci  Ethyhne. — I  have  in  vain  endeavoured  to  produce,  by  the 
action  of  tricthylphosphine  on  the  sulphocyanates  of  methyl,  ethyl, 
and  amyl,  compound  ureas  analogous  to  the  allyl-  and  phenyl- 
bodies.  It  is  true  that  these  substances  act  upon  tricthylphosphine 
even  at  ordinary  temperatures ;    in  the  case  of  sulphocyanate  of 
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methyl,  indeed,  the  action  is  very  brisk,  but  I  did  not  succeed  in 
obtaining  definite  compounds.  Sulphocyanate  of  etliyl  remained 
for  months  in  contact  with  triethylphosphine  without  depo- 
siting any  crystalline  compound.  The  non-production  of  these 
ureas  cannot,  however,  excite  surprise,  if  we  remember  in  how 
many  respects,  and  especially  in  the  relation  to  ammonia,  the 
sulphocyanogen-compounds  of  ethyl  and  its  homologues  differ 
from  those  of  allvl  and  phenvl. 

When  a  mixture  of  triethylphosphine  and  one  of  the  above- 
mentioned  sulphocyanates  is  heated  for  some  hours  in  a  sealed 
tube  to  100°,  an  abundant  crop  of  crystals  of  sulphide  of  triethyl- 
phosphine is  deposited  from  the  liquid.  These  crystals  are  sur- 
rounded by  a  brown  viscid  substance,  soluble  to  a  certain  extent  in 
water,  easily  soluble  with  green  colour  in  alcohol.  In  order  to 
disentangle  from  this  mixture  tlie  complementary  product  of  the 
reaction,  the  liquor  was  shaken  with  ether  to  separate  the  sulphide, 
evaporated  with  an  excess  of  hydrochloric  acid,  and  the  residue 
redissolved  in  water,  when  a  quantity  of  the  brown  impurities 
remained  insoluble.  The  filtered  solution  gave  with  trichloride  of 
gold  a  dingy  yellow  precipitate,  which,  by  treatment  with  sul- 
phuretted hydrogen,  reprecipitation  of  the  separated  chloride  by 
trichloride  of  gold,  &c.,  ultimately  assumed  the  characters  of  the 
pure  gold-salt  of  triethylphosphonium  which  was  identified  by 
analysis.  The  beautifully  orange-yellow  platinum-salt  was  likewise 
analysed. 

The  action  of  sulphocyanate  of  ethyl  upon  triethylphosphine 
may  be  accordingly  represented  by  the  equation  : 


CN 


I  S  +  2[(C,H,)3P]  +  h}  ^  =  (^2^5)3^^  + 
t(CA).P]Jo  +  HCN. 

I  have  not  been  able  to  trace  directly  the  hydrocyanic  acid  which 
figures  in  this  equation,  but  this  acid  appears  unmistakeably  in  its 
products  of  decomposition.  The  brown  substance,  which  accom- 
panies the  sulphide  of  triethylphosphine  and  the  hydrate  of 
tetrethylphosphonium,  is  rich  in  nitrogen  :  boiled  for  some  time 
with  hydrochloric  acid,  it  yields  abundance  of  chloride  of  ammo- 
nium. 

I  have  likewise  examined  the  behaviour  of  disulphocyanate  of 


f» 
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ethylene  witli  trietlivlpliosphine.  The  reaction  takes  place 
with  cnci-<ry  at  ordinary  temperatures.  AVhen  triethylphosphine 
is  poured  into  a  concentrated  alcoholic  solution  of  sulphocyanate  of 
ethylene,  the  liquid  immediately  solidities  to  a  dazzling  white  crys- 
talline mass  of  sulphide  of  triethylphosphine.  It  deserves  to  be 
noticed  that  the  same  decomposition  takes  place  also  when  the 
substances  are  allowed  to  react  in  presence  of  anhydrous  ether. 
The  transformation  which  the  sulphocyanate  of  ethylene  under- 
goes under  the  influence  of  triethylphosphine  is  perfectly  analogous 
to  the  change  of  the  ethyl-compound  when  submitted  to  the  same 
agent.  Instead  of  a  derivative  of  tetrethylphosphonium_,  the  sulpho- 
cvanate  of  ethvlene  produces  the  cyanide  of  a  diatomic  metal,  of 
eihijlene-hcxethijl-d'iphosphomum : 


+ 


Sulphocyanate  Triethylphos-  Sulphide  of 

of  ethylene.  phine.  triethylphos- 

phine. 

Dicyanide  of  ethylenehex- 
ethyl-diphosphonium. 

Owing  to  the  low  temperature  at  which  the  reaction  is  accom- 
plished, the  hydrocyanic  acid  is  not  changed  in  this  case,  and  may 
be  recognised  without  difficulty  by  the  ordinary  reagents.  The 
diphosphonium,  which  is  simultaneously  formed,  was  traced  as 
platinum-salt,  exactly  in  the  same  manner  as  the  tetrethylphos- 
phonium  in  the  process  previously  mentioned.  The  product  of 
the  reaction,  freed  as  far  as  possible  from  the  sulphide  by  repeated 
evaporation  and  ultimately  by  treatment  with  ether,  was  precipi- 
tated by  dichloride  of  platinum.  The  dingy  platinum -salt  was 
purified  by  treatment  with  sulphuretted  \iydrogen  and  reprecipita- 
tion.  Kepeatedly  treated  in  this  manner,  it  assumed  the  character 
of  a  pure  compound,  which  on  analysis  gave  numbers  closely 
agi'eeing  with  the  formula, 

[(C,HJ"jC.H^)35]"ci,2PtCl, 

Since  I  shall  have  to  give  a  detailed  account   of  the  diphospho- 
nium-compouuds  in  one  of  the  following  sections  of  this  inquiry,  I 
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need  not  for  the  present  enter  into  further  particulars  regarding 
this  reaction. 

In  concluding  this  paragraph^  I  may  append  a  few  remarks  upon 
the  deportment  of  sulphocyanate  of  trietliyiphosphonium  under  the 
influence  of  heat.  This  salt  is  readily  procured  by  dissolving 
triethylphosphine  in  hydrosulpliocyanic  acid.  Submitted  to  the 
action  of  heat,  it  is  partly  volatilized  without  decomposition  :  the 
greater  portion,  however,  is  decomposed,  sulphide  and  the  disul- 
phide-of-carbon-compound  of  triethylphosphine,  together  with  free 
disulphide  of  carbon,  appearing  among  the  volatile  products  of  the 
reaction,  while  a  brown  ill-defined  substance  remains  in  the 
retort,  yielding  when  treated  with  an  alkali,  an  appreciable  quan- 
tity of  ammonia.  I  have  not  examined  this  change  in  detail,  but 
it  is  obvious  that  one  of  the  direct  products  of  the  reaction  is 
sulphocyanate  of  ammonium,  the  further  decomposition  of  which 
explains  the  appearance  of  the  disulphide  of  carbon  as  well  as  the 
other  products  observed.  The  residue,  of  course,  must  contain 
the  varied  compounds  generated  by  the  action  of  heat  on  sulpho- 
cyanate of  ammonium. 

Behaviour  of  the  Ar sines  and  Stibines  with  the  Sulphocyanates  of 
Phenyl  and  Allyl. — The  facility  with  which  the   compound   ureas 
containing  nitrogen   and  phosphorus  are  formed,  induced  me   to 
attempt  the  production  of  analogous  compounds  with  arsenic    or 
antimony  in  place  of  phosphorus.    I  therefore  treated  sulphocyanate 
of  phenyl  and  oil  of  mustard  successively  with  triethylarsine  and 
triethylstibine,  first  at  ordinary  and  then  at  gradually  increasing 
temperatures  in  sealed  tubes.     But  not  one  of  these  experiments 
led  to  the  expected  result.     The  arsines  and  stibines  differ,  indeed, 
in  their  chemical  character,  much  more  from  ammonia  than  the 
phosphines.     Their  incapability  of  forming  saline  compounds  with 
acids  is  alone  sufficient  to  render  the  formation  of  ureas  containing 
arsenic  and  antimony  somewhat  improbable.     When  mixtures  of 
triethylarsine  with  sulphocyanate  of  phenyl  on  the  one  hand,  and 
sulphocyanate  of  allyl  on  the  other,  were  left  to   stand  for  some 
time  at  ordinary  temperatures,  the  liquid  in  both  cases  was  found 
to  be  traversed  by  a  small  quantity  of  beautiful  needle-shaped 
crystals.     The  crystals  from  both  mixtures  were  found  to  be  the 
same ;    they   were   readily  identified  with  the  beautiful  needles 
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^vh^ch  are  jrraclually  formed  in  trietliylarsine  wlien  left  in  contact 
uitli  atmospheric  air. 

Behaviour  of  Trieihulphosphine  icith  Cf/cmates. — The  formation 
of  sulphuretted  ureas  containing  pliosphorus  and  nitrogen  led  me 
to  try  whether  the  corresponding  oxygen-compounds  could  like- 
wise be  produced. 

When  cyanate  of  phenyl  is  mixed  with  the  phosphorus-base^ 
great  heat  is  evolved,  indicating  a  marked  chemical  reaction.  The 
mixture  on  cooling  solidifies  into  a  mass  of  shining  crystals  which 
are  insoluble  in  watcr^  nearly  insoluble  in  ether,  and  dissolve  with 
difficulty  even  in  boiling  alcohol.  By  rccrystallization  from  the 
last-mentioned  solvent,  the  new  body  is  easily  obtained  pure.  The 
further  examination  of  the  resulting  crystals  proved,  however,  that 
tliey  by  no  means  consisted  of  the  compound  urea  of  which  I  was 
in  search.  From  the  analysis,  which  I  intend  to  give  in  connexion 
with  other  researches^  it  appeared  that  the  crystals  still  possessed 
the  composition  of  cyanate  of  phenyl,  that,  indeed,  they  were 
cyanurate  of  phenyl.  The  triethylphosphine  in  this  case  appears  to 
induce  nothing  more  than  a  new  molecular  disposition  of  the 
elements  in  cyanate  of  phenyl.  The  peculiar  character  of  this 
metamorphosis  may  be  perceived  in  the  most  beautiful  manner 
by  dipping  a  glass  rod  moistened  wdth  triethylphosphine  into  a 
considerable  quantity  of  cyanate  of  phenyl.  The  liquid  imme- 
diately becomes  hot,  and  solidifies  after  a  few  seconds  into  a 
shining  crvstalline  mass  of  the  evanurate. 

Similar  results  were  obtained  by  the  action  of  the  phosphorus- 
base  on  cyanate  of  ethyl.  The  two  bodies  may  be  mixed  without 
evolution  of  heat,  and  the  mixture  does  not  solidify  ;  but  the  trans- 
formation is  soon  indicated  by  the  diminution  of  the  penetrating 
odour  of  the  cyanate.  If,  as  soon  as  the  odour  has  disappeared, 
the  liquid  be  mixed  with  dilute  hydrochloric  acid,  which  removes 
the  free  phosphorus-base,  the  oil  which  floats  on  the  surface 
quickly  solidifies  into  a  solid  crystalline  mass  which,  when  recrys- 
tallized  from  boiling  water,  exhibits  all  the  properties  of  cyanurate 
of  ethyl. — AVhen  a  stream  of  cyanic  acid  gas  is  passed  through 
triethylphosphine,  the  odour  of  the  acid  disappears,  while  the 
phosphorus-base  becomes  turbid,  and  yields  a  white  deposit  of 
cyanuric  acid. 

In  connexion  with  these  experiments,  I  have  had  occasion  to 
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convince  myself  that  cyanic  acid  gas  and  phosphoretted  hydrogen 
do  not  act  upon  one  another,  at  least  at  ordinaiy  temperatures.  —I 
was  anxious  to  ascertain  whether  the  peculiar  action  of  the  phos- 
phorus-base on  the  cyanatcs  extended  likewise  to  the  cyanides.  I 
found,  however,  that  cyanide  of  methyl  (acetonitrile)  or  cyanide  of 
phenyl  (benzonitrile)  may  be  left  for  days  in  contact  with  the 
phosphorus-base  at  temperatures  varying  from  100°  to  150°,  without 
experiencing  the  slightest  alteration.  Had  these  substances  been 
changed  under  the  above  conditions,  like  the  cyanatcs,  their  trans- 
formation into  methyl-  and  phenyl-compounds  corresponding  to 
cyanethine  might  have  been  expected. 

Experiments  in  the  Methyl-series, — The  information  which  I 
have  collected  with  reference  to  the  phosphorus-compounds,  has 
been  almost  exclusively  obtained  by  the  study  of  triethylphos- 
phine.  In  exceptional  cases  only  have  I  worked  in  the  methyl- 
series.  Trimethylphosphine,  on  account  of  its  volatility,  is  much 
less  easily  prepared  than  the  ethyl- compound,  and  especially 
much  more  difficult  to  preserve.  This  body  is  oxidized  with  such 
rapidity,  that  it  disappears  from  the  hand  of  the  operator  during 
manipulation.  Its  odour,  moreover,  is  insupportable  for  any  length 
of  time. 

Nevertheless,  I  have  made  a  few  experiments  with  the  methyl- 
compound,  a  slight  sketch  of  which  may  form  the  conclusion  of  this 
paper. 

The  phosphorus-derivatives  of  the  methyl-series  exhibit  the  most 
perfect  analogy  with  the  corresponding  ethyl-compounds. 

Oxide  of  trimethylphosphine  produces  with  iodide  of  zinc,  with 
dichloride  of  platinum,  and  with  trichloride  of  gold,  thehomologues 
of  the  several  compounds  obtained  from  the  oxide  of  triethylphos- 
phine. 

When  trimethylphosphine,  either  pure  or  dissolved  in  alcohol 
and  ether,  is  submitted  to  the  action  of  disulphide  of  carbon, 
all  the  phenomena  are  reproduced  which  I  have  mentioned  at  some 
length  in  describing  the  corresponding  ethyl-base.  The  red  crys- 
tals which  are  formed  are  somewhat  paler,  much  more  volatile,  and 
much  more  readily  altered.  The  disulphide-of-carbon-compounds  of 
the  methyl-  and  ethyl-series  exhibit  in  their  properties  the  same 
relation  which  obtains  between  the  sulphides  of  the  two  series. 

y2 
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The  formula 

CJI,PS,=  (CH3)3P,CS, 

was  cstablislicd  bv  analysis. 

The  red  crystals  are  changed  with  the  utmost  facility  into  sul- 
phide of  trimethylphosphine.  In  the  hope  of  forming  fine  crystals, 
similar  to  those  obtained  with  the  ethyl-compound,  a  solution  of 
the  red  crystals  in  warm  ether  was  allowed  to  cool  in  a  tall  open 
cylinder.  When  the  solution  was  examined  next  morning,  it  had 
become  colourless,  leaving,  upon  spontaneous  evaporation,  the 
beautiful  crystals  of  the  sulphur-compound. 

The  sulphocyauatcs  of  phenyl  and  allyl  readily  combine  with 
trimethylphosphine.  The  reaction  is  even  more  powerful  than 
with  the  ethyl-base.  The  urea-body,  which  trimethylphosphine 
produces  with  sulphocyanate  of  phenyl,  is  a  liquid  which  I  have  not 
been  able  to  obtain  in  the  solid  state.  Directly  prepared  from  the 
constituents,  or  separated  from  one  of  its  crystalline  salts,  it  forms 
a  slightly  coloured  oily  liquid,  soluble  in  water,  difficultly  soluble 
in  ether,  readily  soluble  in  alcohol.  On  adding  concentrated 
hydrochloric  acid  to  the  oil,  it  gradually  solidifies  to  a  crystalline 
mass  of  sulphur-yellow  delicate,  hair-like  needles,  which  may  be 
recrystallized  both  from  water  and  from  alcohol.  I  have  fixed  the 
composition  of  this  phosphoretted  urea  by  a  chlorine-determina- 
tion in  a  chloride  of  the  composition, 

r     (CS)"  )         n 

C,„H,,XPSC1=    II(CH3),  U-P    CI. 

L    (CH3)(C6H5))        J 

The  brown  liquid  which  is  formed,  with  considerable  evolution 
of  heat,  when  trimethylphosphine  is  brought  in  contact  with 
mustard  oil,  gradually  deposits  well-formed  transparent  colourless 
prisms,  the  habitus  of  which  resembles  that  of  the  corresponding 
ethyl-compound.  The  crj'stals  were  not  analysed,  but  there  can  be 
no  doubt  that  they  were  the  methylated  phosphorus-urea  of  the 
allyl-scries  : 

(CS)" 

(CH3)(C3H,) 
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Phosplioretted  hydrogen  is  without  action  on  the  sulphocyanates 
of  phenyl  and  allyl. 

In  conclusion,  I  beg  to  thank  Drs.  A.  Lei  bins  and  M.  Holz- 
mann  for  their  assistance  in  some  of  the  experiments  connected 
with  this  inquiry. 


XXVI. — On  the  Discrepancies  in  the  Statements  of  Pelouze  and 
F.  MohVj  respecting  the  Solubility  of  Gallotannic  Acid  in  Ether. 

By  Professor  Bolley. 

For  the  extraction  of  tannic  acid  from  coarse  gall-nut  powder,  in 
his  '' Displacement  Apparatus/^  Pelouze  recommends  the  use  of 
ordinary,  not  absolute,  ether.  The  liquid  which  then  runs  off, 
separates  into  two  layers,  the  lower  of  which  is  thickish,  while 
the  upper  is  mobile  and  less  coloured.  The  lower  liquid  contains 
the  tannic  acid,  and  is  regarded  by  Pelouze  as  a  solution  of  tannic 
acid  in  water ;  the  upper  liquid  is  stated  to  be  ether,  holding  in 
solution  small  quantities  of  tannic  acid,  colouring  matter,  &c. 

Mohr,  in  his  commentary  on  the  Prussian  Pharmacopoeia, 
decidedly  contradicts  this  statement.  His  view  of  the  matter  has 
found  its  way  into  most  Manuals  of  Chemistry,  articles  in  Chemical 
Dictionaries,  &c.,  and  is  generally  received  as  correct.  He  regards 
the  lower  stratum  of  liquid  above-mentioned  as  a  concentrated 
solution  of  tannic  acid  hi  ether,  and  the  upper,  as  ether  which  has 
dissolved  only  a  small  quantity  of  tannic  acid.  The  two  layers, 
he  maintains,  are  not  soluble  one  in  the  other.  If  this  be  so,  it 
affords  another  example  of  a  condition  hitherto  known  to  exist 
in  one  instance  only  (that  of  coniine),  in  which  the  solution  of  a 
body  in  a  certain  solvent  is  not  diluted  by  contact  with  that  same 
solvent.  In  spite  of  this  anomaly,  Mohr^s  statement  has  been 
adopted  without  experimental  verification.  Mohr  rests  his  view 
on  an  experiment  described  by  himself.  On  treating  tannic  acid 
with  anhydrous  ether,  he  obtained  the  thickish  layer  already  men 
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tioncd,  and  above  it  there  floated  a  stratum  of  ether,  containing 
only  a  small  quantity  of  tannic  acid. 

I  have  likewise  examined  this  peculiar  phenomenon.  I  find  that 
auhydrons  ether  (previously  decanted  several  times  over  chloride  of 
calcium,  boiling  at  34*9°  C,  and  having  a  specific  gravity  of  0*724 
at  ir25°C.),  takes  up  but  a  very  small  quantity  of  tannic  acid, 
indeed  scarcely  any  (020G  p.  c.  at  5°  C),  while  the  greater  part  of 
the  tannic  acid  remains  in  the  liquid  in  the  form  of  a  dry  compact 
powder.  On  mixing  the  ether  with  half  its  volume  per  cent,  of 
water,  the  thickisb  liquid  is  formed.  The  ether — the  upper  layer 
— when  mixed  with  a  little  water,  takes  up  rather  more  tannic 
acid  than  the  anhydrous  ether.  I  find  that  the  upper  layer — pure 
ether  with  1  vol.  p.  c.  of  water — takes  up  1.2  p.  c.  tannic  acid. 

This  result  appears  to  confirm  Pelouze^s  view.  It  is  not  how- 
ever true  that  the  syrupy  layer  is  a  concentrated  aqueous  solution 
of  tannic  acid.  On  carefully  removing  a  portion  of  this  liquid,  so 
that  none  of  the  upper  stratum  may  mix  with  it,  introducing  it  into 
a  retort,  and  distilling  with  good  condensation,  considerable  froth- 
ing takes  place  at  first,  and  ether  passes  over,  followed  by  water, 
the  two  liquids  forming  layers  of  equal  depth  in  a  cylindrical 
receiver. 

If  a  little  water  be  added  to  these  two  liquids,  a  third  layer  is 
formed,  which  rests  between  the  two,  and  is  therefore  insoluble 
both  in  ether  and  in  water.  This  behaviour  appears  to  me  to 
render  probable  the  existence  of  a  chemical  compound  of  tannic 
acid,  ether,  and  water,  possibly  an  acid  ethyl-salt  constituted  like 
ethyl-sulphuric  acid,  that  is  to  say,  a  tannate  of  ether  and  water. 

There  is  a  practical  deduction  from  these  experiments  which 
deserves  to  be  mentioned.  The  behaviour  of  pulverized  and  well 
dried  tannic  acid  to  ether,  is  so  peculiar  that  it  may  be  used  as  a 
test  of  the  presence  of  water  in  that  liquid.  In  anhydrous  ether 
the  powder  remains  quite  unaltered,  but  in  hydrated  ether  it  cakes 
together  or  deliquesces  to  a  thickish  syrup,  according  to  the 
amount  of  water  present,  and  the  quantity  of  tannic  acid  added. 
^  ery  small  quantities  of  tannic  acid  give  a  distant  reaction. 
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XXVII. — On  the  Colouring  Matters  of  Persian  Berries,  and  on 
certain  general  relations  of  Yellow  Vegetable  Dyes. 

By  Professor  Bolley. 

The  chemical  investigations  hitherto  published  respecting  Persian 
Berries  [Yelloiv  beiTies,  graines  d^ Avignon,  Krautzheeren)  may  be 
epitomized  as  follows  : — 

Kane*  distinguishes  two  colouring  matters  :  (a).  Chrysorhamnin, 
a  yellow  substance  which  may  be  extracted  by  ether^  crystallizes 
in  needles^  is  nearly  insoluble  in  cold  water,  but  easily  soluble  in 
ether.  It  contains,  according  to  the  mean  of  two  analyses,  58'02  per 
cent,  of  carbon  and  4*70  p.  c.  hydrogen,  and  is  said  to  be  decom- 
posed by  solution  in  hot  alcohol  or  water  and  'boiling  of  the  solu- 
tion, jdelding  another  colouring  matter  (b),  called  Xanthorhamnin, 
which  is  soluble  in  water  and  alcohol,  but  insoluble  in  ether,  and 
when  dried  at  320°  F.  contains  52*55  C.  and  5*15  H. 

Gellatlyt  obtained,  with  ether,  neither  chrysorhamnin  nor  any 
other  characteristic  substance,  but  with  alcohol  he  obtained  a 
yellow  substance,  crystallizing  in  needles,  easily  soluble  in  water, 
whether  cold  or  hot,  insoluble  in  ether  and  containing  (when  dried 
at  100^  C.)  52*10  %  C.  and  5*78  H.  This  body  he  regarded  as 
xanthorhamnin  in  a  tolerably  pure  state.  It  is  decon^posed  by 
heating  with  dilute  sulphuric  acid,  yielding,  together  with  glucose, 
a  body  called  Rhamnetin,  soluble  in  water,  alcohol,  and  ether,  and 
containing  59*41  %  C.  and  4*38  H. 

H  lasiwe  tz,  J  in  his  paper  on  quercitrin,  makes  some  observations 
on  Gellatly^s  experiments,  chiefly,  however,  with  reference  to  the 
elementary  analyses.  The  nature  of  his  suggestions  may  be  under- 
stood from  the  following  table  : — 

Percentage  of  carbon  and  hydrogen  in 

Quercitrin  at  100° 
according  to  Bolley  (1841)  Kane's 

according  to  Hlasiwetz  (1859)  Xanthorhamnin. 

C  =  52  49  52.55 

H  =    503  5-15 


Gellatly's 
Xanthorhamnin. 

52-10 

5*78 


Rigaud's 
Quercetin. 

C  =  59*23 
H  =    4*13 


Chrysorhamnin. 
58*02 

4*70 


Gellatly's 
Rhamnetin. 

59-41 
4-38 


*  Phil.  Mag.,  July,  1843,  p.  3.  f  Edinb.  New  Phil.  Jour,  vii,  252. 

X  Ann.  Ch,  Pharm.  cxii,  96. 
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« 

Illasiwetz  i*cgarcls  xantliorliamiiin  as  identical  with  quercitrin, 
and  rhamnctin  as  identical  with  quercetin_,  but  he  has  not  made 
anv  orisrinal  rcscarclies  on  Persian  berries. 

With  the  view  of  clearing  up  some  of  the  above-mentioned  dis- 
crepancies, I  liave  likewise  made  an  investigation  of  Persian 
berries.  In  the  first  place  I  must  observe  that  I  obtained  an 
abundant  extract  witli  crude  ether  (this  may  perhaps  explain  the 
dirterenccs  between  tlie  statements  of  Kane  and  Gellatly).  This 
extract,  after  the  ether  had  been  evaporated,  the  residue  taken  up 
by  alcohol,  the  solution  filtered,  and  the  alcohol  evaporated,  with 
addition  of  water, — yielded  stellate  groups  of  yellow  needles,  which 
Mere  not  altered  by  repeated  solution,  boiling  and  precipitation. 

I  analysed  two  different  portions  of  this  substance,  and  obtained 
from  the  one 

C  =  58'87  per  cent. 
H  =    4-66       „ 

and  from  the  other  which  was  dried  for  a  longer  time  at  about 
120°C. 

C  =  60-239  per  cent. 
H  =    4-180       „ 

These  crystals  are  somewhat  soluble  in  pure  ether,  sparingly  in 
water,  easily  in  alcohol.  Their  solution  gives  with  neutral  acetate 
of  lead,  a  brick-red  precipitate ;  with  nitrate  of  silver,  a  blood-red 
liquid,  and  afterwards  reduced  silver.  I  found  some  time  ago 
that  the  lead  precipitate  is  peculiarly  characteristic  of  quercetin, 
and  I  have  now  to  make  a  similar  observation  respecting  the  silver 
reaction :  qucrcetin  behaves  both  with  lead  and  with  silver  solutions 
precisely  in  the  manner  just  described.  The  crystallized  colouring 
matter  which  I  obtained  by  the  above  process  is  beyond  all  ques- 
tion identical  with  qucrcetin.  The  peculiar  interest  of  this  fact  is 
that  it  demonstrates  t\\G  pre- existence  in  a  vegetable  substance  of  a 
product  of  the  decomposition  of  quercitrin. 

Chrj'sorhamnin  (which  Gellatly  did  not  obtain)  is  perhaps  the 
Siime  as  qucrcetin;  but,  from  the  preceding  observations,  it 
appears  doubtful  whether  this  body  can  easily  decompose  and 
vield  a  substance  like  that  which  Kane  describes  under  the 
arae  of  xanthorhamnin.  If  therefore,  as  Illasiwetz  sup- 
poses,   rhamnctin    is    identical    with    qucrcetin,    it    follows    that 
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decomposition  is  not  necessary  to  the  production  of  rhamnetin. 
Or  may  it  not  be  possible  that  this  decomposition  takes  place 
spontaneously  in  some  kind  of  yellow  berries  ?  Several  varieties 
of  these  berries  are  in  fact  distinguished  according  to  their 
appearance  and  their  origin.  This  assumption,  which  is  by  no 
means  improbable,  may  perhaps  serve  to  reconcile  some  of  the 
contradictions  in  the  statements  of  Kane  and  Gellatlv. 


XXVIII. — On  a  hitherto  unobserved  source  of  Paraffin, 

By  Professor  Bolley. 

Masses  of  naturally  separated  paraffin  have  been  found  in  deposits 
of  rock-oil,  e.g.,  at  Borystow  inGallicia;  and  Ozokerite,  Scheererite, 
Idrialin,  &c.,  afford  proof  that  hydrocarbons  differing  considerably 
in  melting  point  and  chemical  composition  occur  ready  formed  in 
nature ;  but  paraffin,  which  occurs  in  tar  and  in  certain  mineral 
substances  used  for  the  production  of  heat  and  light,  has  hitherto 
been  regarded  as  a  product  of  the  action  of  heat. 

In  the  Technical  Laboratory  of  the  Swiss  Polytechnic  School, 
researches  are  at  present  being  made  on  certain  kinds  of  coal  used 
for  the  production  of  illuminating  gas ;  and  one  result  of  these 
researches,  easily  detached  from  the  rest,  I  am  now  about  to 
communicate. 

Boghead  shale — which,  according  to  Goeppert,  is  not  a  true 
coal  —  has  been  examined  by  several  chemists,  with  reference  to 
the  quantity  and  composition  of  the  residue  which  it  leaves  when 
heated,  and  the  nature  of  the  volatile  products.  I  have  endea- 
voured to  ascertain  the  nature  of  some  of  its  proximate  constituents 
by  exhausting  them  with  various  reagents.  A  kilogramme  of 
pulverized  Boghead  cannel  coal  yielded  to  alcohol  2*14  parts  of 
solid  extract  residue ;  and  to  ether,  after  drying,  2*63  pts.  The 
alcoholic  extract  presented  less  interest  than  that  obtained  with 
ether,  which  was  unctuous  to  the  touch  and  not  very  deeply  coloured. 
I  found  that  it  could  be  redissolved  in  ether,  and  decolorised  by 
agitation  with  animal  charcoal.  After  this  treatment,  however, 
the  residue  exhibited  by  elementary  analysis  a  quantity  of  oxygen 
amounting  to   11  per  cent.,  and  gradually  turned  yellowish  when 
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heated  for  some  time  in  the  water-bath  above  its  melting  point. 
It  sustained  a  slight  loss  by  boiling  with  soda-lye,  and  the  undis- 
solved portion  melted  at  41°  C,  remained  colourless  when  heated,, 
solidified  in  crystalline  laminse,  was  insoluble  in  water,  sparingly 
soluble  in  alcohol,  somewhat  more  soluble  in  ether.  The  analysis 
of  tliis  residue  gave 

Carbon 86-33  per  cent. 

Hydrogen   .     .     .     .  13'32         „ 


99-65 


The  melting  point  of  paraffin  was  found  by  Reichenbach  to  be 
43°  C.  We  know,  however,  that  different  samples  of  paraffin,  both 
natural  and  artificial,  melt,  some  at  higher,  some  at  lower  points,  so 
that  this  circumstance  need  not  prevent  us  from  regarding  the 
substance  in  question  as  paraffin. 

To  me  it  appears  probable  that  paraffin  exists,  as  such,  in 
several  of  the  materials  from  the  distillation-products  of  which  it 
has  hitherto  been  prepared,  such  as  peat,  shale,  lignite,  &c.,  and 
the  process  of  separation  just  described  affords  a  convenient  method 
of  testing  such  substances  with  reference  to  their  utility  for  the 
preparation  of  paraffin,  which  has  hitherto  been  done  exclusively 
by  dry  distillation. 

I  must  further  remark,  that  from  two  sorts  of  coal  which  I 
examined  in  this  way,  I  obtained,  not  paraffin,  but  extracts  more 
of  the  nature  of  asphalt.  It  is  commonly  stated  that  the  non- 
existence or  the  rarity  of  occurrence  of  paraffin  in  coal-tar  is 
attributed  to  the  great  heat  employed  in  the  distillation.  May 
it  not  rather  be  due  to  the  fact  that  true  coal  does  not  contain 
paraffin  ready  formed,  and  therefore  cannot  yield  a  tar  containing 
paraffin  ? 
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XXIX. — Note  of  the  Action  of  Chloride  of  Ethyl  upon  Ammonia. 

By  Charles  Edward  Groves. 

It  has  often  struck  me  as  remarkable,  that  while  the  deportment  of 
ammonia  with  the  bromide  and  iodide  of  ethyl  had  been  so 
carefully  studied,  the  action  of  this  substance  upon  the  chloride  of 
ethyl  should  scarcely  have  been  noticed.  Although  the  difficulty 
of  manipulatiug  so  volatile  a  substance  as  chloride  of  ethyl  promised 
but  little  advantage  in  the  practical  preparation  of  the  ethyl 
bases ;  it  appeared  nevertheless  desirable  to  examine  the  reaction, 
in  order  to  complete  the  history  of  the  formation  of  these  substances. 
When  chloride  of  ethyl  sealed  up  in  stout  glass  tubes  with  about 
three  times  its  bulk  of  alcoholic  ammonia  —  formed  by  nearly 
saturating  alcohol  with  dry  ammonia  —  was  digested  for  six  or 
seven  hours  at  the  temperature  of  100°  C,  a  large  quantity  of  a 
white  crystalline  substance  was  deposited  in  the  tubes,  apparently 
consisting  of  chloride  of  ammonium*  The  tubes  were  then  opened 
and  the  contents  thrown  on  a  filter,  the  white  crystalline  powder 
washed  with  absolute  alcohol,  and  the  filtrate  evaporated  to  dryness 
on  the  water-bath,  to  expel  alcohol  and  excess  of  ammonia.  The 
residue  was  then  dissolved  in  water,  filtered,  and  submitted  in  a 
retort  to  the  action  of  an  excess  of  oxide  of  silver,  in  order  to  set 
free  the  bases  formed  during  the  reaction.  On  heating  the  mixture, 
the  whole  of  the  volatile  bases  passed  over.  The  residue  in  the 
retort,  consisting  of  oxide  and  chloride  of  silver,  together  with  the 
hj^drated  oxide  of  a  non-volatile  ammonium-base,  was  thrown  on 
a  filter  and  washed  with  water  until  the  washings  were  no  longer 
alkaline.  The  filtrate  neutralized  with  hydrochloric  acid,  evaporated 
to  a  small  bulk  on  the  water-bath,  and  filtered,  yields  with  bichloride 
of  platinum,  a  yellow  crystalline  precipitate,  which  was  washed  with 
a  small  quantity  of  cold  water  and  recrystallized  from  boiliug  water. 
0*185  grammes  of  substance  yielded  0*0545  grammes  of  pla- 
tinum; this  shows  a  percentage  of  platinum  equivalent  to  29*4  per 
cent.     The  formula — 

(C,H,),NClPtC), 

requires  29*44  per  cent,  of  platinum.     The  non-volatile  base  pro- 
duced in  the  reaction  between  chloride  of  ethyl  and  ammonia,  is 
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therefore,  as  mii2:lit  liave  been  expected,  the  hydrated  oxide  of 
tetrethvlammonium.  The  alkaline  distillate,  containinsr  the  volatile 
portion  of  the  bases  was  neutralized  with  hydrochloric  acid, 
evaporated  to  a  small  bulk  on  the  water-bath,  and  precipitated 
with  an  insufficient  quantity  of  bichloride  of  platinum.  The 
precipitate,  consisting  of  thin  crystalline  hexagonal  plates,  was 
rccry stall] zed  from  a  small  quantity  of  water,  to  w^hich  it  was  found 
convenient  to  add  a  few  di'ops  of  alcohol,  the  saP  being  rather 
insoluble  in  dilute  alcohol. 

0'235  grammes  of  substance  gave  0*092  of  platinum. 

The  formula — 

[(C.HJ  H3N]  CI,  Pt  CI, 

requires  39*29  per  cent,  of  platinum  and  the  analysis  gave  39.15 
per  cent. 

This  result  shows  the  existence  of  ethylamine  among  the  volatile 
products  of  the  action  of  chloride  of  ethyl  upon  ammonia. 

By  successive  partial  precipitations  and  recrystallizations,  a  con- 
siderable quantity  more  of  the  platinum-salt  of  ethylamine  was 
separated ;  until  at  last  a  very  small  quantity  of  another  and  more 
soluble  salt  was  deposited  from  the  mother-liquors.  After  a  single 
recrystallization,  which  was  all  that  was  possible,  owing  to  the 
amount  being  so  small,  it  was  dried  and  analysed ;  and  although 
some  crystals  of  the  ethylamine  platinum-salt  could  be  discerned 
by  the  microscope,  it  gave  results  which  approximated  closely  with 
the  theoretical  percentage  of  the  diethylamine  platinum-salt. 

0*170  of  substance  gave  0*062  of  platinum  ; 

this  gives  a  percentage  of  36*47  of  platinum. 
The  formula — 

[(C.Hs)  ,H,  N]  CI,  PtCl, 

requires  35*35  per  cent  of  platinum.  The  above  platinum  deter- 
mination might  also  represent  a  mixture  of  the  salt  of  ethylamine 
and  triethylamine ;  but  the  compound  analysed,  although  more 
soluble  in  water  than  the  cthylamine-salt,  was  not  nearly  so 
soluble  as  the  salt  of  triethylamine  ;  moreover  the  latter  substance 
is  easily  recognised  by  its  crj^stalline  form.  In  addition  to  the 
salts  above  mentioned,  a  small  quantity  of  triethylamine  was, 
in  all   probability,  present  among  the  products  of  the  reaction  of 
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chloride  of  ethyl  upon  ammonia ;  but  owing  to  the  small  proportion 
in  which  it  existed,  and  the  known  solubility  of  its  platinum- 
compound,  I  have  not  been  able  to  establish  its  formation  by 
experiment. 

The  following  equations  represent  the  action  of  chloride  of  ethyl 
upon  ammonia : — 

H3N+    C,H,C1  =  [  (C,H3),H3N]    CI 
2  H3N  f  SC^H^Cl  =  [(C4H5)2H2N]  CI  +  H^NCl 
4H3N  4  4C5H,C1  =  [(C.H^)^      N]  CI  +  3H^NC1. 

The  experiments  Ayhicli  I  have  described  show  a  marked 
difference  in  the  action  of  the  chloride  when  compared  with  that 
of  the  bromide  and  iodide  of  ethyl.  The  chloride  of  ethyl  produces 
almost  exclusively  the  chloride  of  ethylammonium,  together  with 
small  quantities  of  the  chlorides  of  diethylammonium  and  tetrethyl- 
ammonium.  The  bromide  of  ethyl,  according  to  the  experiments 
of  Dr.  Hofmann,  gives  chiefly  the  bromide  of  ethylammonium, 
but  also  very  appreciable  quantities  of  the  bromides  of  diethyl-  and 
triethylammonium,  with  but  a  small  proportion  of  the  tetrethyl- 
ammonium-compound  ;  and  lastly,  the  iodide  produces  the  three 
volatile  bases  in  about  equal  proportions,  but  generally  very  appre- 
ciable quantities  of  the  tetrethyl-ammonium-compound. 

The   above  experiments  were  performed  in  the  Laboratory  of 
Dr.  Hofmann. 


XXX.  —  On  the  Crystalline  Form  of  Metallic  Chromium. 

By  Professor  Bolley. 

The  preparation  of  sesquichloride  of  chromium  and  of  crystallized 
metallic  chromium  by  the  methods  recently  given  by  Wohler,*  is 
very  easy.  I  entrusted  the  preparation  to  one  of  the  students  in 
my  laboratory,  who  obtained  a  product  exhibiting  the  colour  and 
lustre  of  the  crystalline  powder  described  by  Wohler.  Wohler 
says  of  this  substance — ^'  It  exhibits,  even  with  a  magnifying  power 

*   Leichte  Darstellungsweise  des  metailischen  Chroms.     (Ann.  Ch.  Pharm.  cxi, 
230.) 
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of  50,  crystalline  aggreo:ations  having  the  form  of  fir-branches 
interspersed  Mith  very  beautiful  Rhombohedrons  of  great  lustre  and 
nearly  tin-white  colour/^  I  have  examined  the  crystalline  mass 
with  a  maguifyiug  power  of  85,  and  have  found  that  it  contains- 
numerous  fir-shaped  arboresences  such  as  AVohler  describes. 
But  it  was  immediately  apparent  that  the  loose  crystals  dispersed 
through  the  mass  were  referable,  not  to  rhombohedral  but  to 
oetohedral  primary  forms.  These  crystals  are  very  frequently 
united  in  groups  of  foui',  in  the  shape  of  a  cross,  but  the  small- 

ness  of  the  crystals  precluded 
the  possibility  of  measurement. 
My  colleague.  Professor  Kenn- 
gott,  has  had  the  goodness  to 
determine  the  form  of  these 
crystals,  and  finds  that  they 
are  octohedrons  belonging  to 
the  quadratic  system.  They 
are  for  the  most  part  octagonal 
pjTamids  p,  p,  combined  with 
a  more  acute  pyramid  s,  and 
a  more  obtuse  pyramid  o.  The 
/^ -faces  are  very  deeply  stri- 
ated ;  the  o-faees  very  smooth 
and  shining. 
It  is  well  known  that  the  crystalline  forms  of  the  metals 
belong  ehiefiy  to  two  systems,  the  ductile  metals  eiystallizing  in  the 
tesseral,  tlie  brittle  metals  in  the  rhombohedral  system,  while 
some  are  dimorphous,  and  exhibit  forms  belonging  to  both  these 
systems.  Hitherto  tin  is  the  only  metal  known  to  crystallize  in 
another  system,  viz.,  the  quadratic.  Boron  likewise,  according  to 
Quintino  Sella,*  crystallizes  in  the  quadratic  system. 

Chromium  affords,  therefore,  the  third  example  of  an  elementary 
body,  differing  from  most  others  in  its  crystalline  form.  It  follows 
also  from  these  observations,  that  although  certain  compounds  of 
chromium  are  isomorphous  with  the  analogous  compounds  of  iron, 
this  isomorphism  does  not  exist  in  the  metals  themselves. 


*  Sulle  forme  cristalline  di  alcuni  Bali  di  platino  c  del  Boro  adamantmo,  par 
Quintino  Sella.     Torino,  1857. 
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XXXI. —  On  a  new  Lead-salt,  corresponding  to  Cohalt-yelloiv. 

By  S.  D.  Hayes,  Edinburgh  University. 

In  the  course  of  some  investigations  on  the  cohalto-cyanide  com- 
pomids,  I  was  ohliged  to  use  a  quantity  of  cobalt-yellow,  the 
pigment  discovered  by  M.  Saint  Evre,  in  1852.*  All  the 
methods  described  for  preparing  this  salt  are  very  tedious,  so  that 
it  became  an  object  to  find  a  more  ready  means.  The  best  method 
hitherto  given,  is  to  precipitate  a  solution  of  nitrate  of  cobalt 
with  an  excess  of  potash ;  then  by  passing  a  current  of  deutoxide 
of  nitrogen  (NO2)  through  the  mass,  the  cobalt-yellow  is  obtained : 
but  the  greater  part  of  the  deutoxide  passes  through  without  being 
absorbed  ;  the  experiment  requires  hours  ;  and  the  amount  of  salt 
obtained  is  very  small. 

As  the  composition  of  this  body  is  considered  doubtful,  it 
occuiTcd  to  me  that  it  might  be  made  from  peroxide  of  nitrogen 
(NO4),  and  after  a  few  trials  I  obtained  it  very  readily,  in  large 
quantities,  and  found  that  all  the  cobalt  contained  in  a  solution  may 
thus  be  converted  into  cobalt-yellow.  Two  bottles,  connected  and 
supplied  with  funnel  tubes,  are  about  half  filled  with  a  solution  of 
nitrate  of  cobalt,  to  which  potash,  slightly  in  excess,  is  added. 
On  passing  a  brisk  current  of  peroxide  of  nitrogen  through  the 
liquid,  the  mass  in  the  first  bottle  soon  changes  colour,  and  the 
pigment  begins  to  fall;  by  adding  small  quantities  of  potash, 
occasionally,  through  the  funnel-tubes,  all  the  cobalt  may  be 
removed.  The  peroxide  of  nitrogen  is  most  readily  prepared  by 
allowing  a  current  of  the  deutoxide,  produced  from  copper  and 
nitric  acid,  in  a  small  flask,  to  mix  with  a  current  of  common  air 
from  a  gasometer,  in  a  dry  empty  bottle,  before  passing  into  the 
cobalt-solutions.  The  current  of  air  can  be  regulated  at  the 
gasometer,  and  the  flask  for  generating  the  deutoxide  can  be  easily 
removed  and  replenished  when  necessary.  A  solution  of  the  car- 
bonate may  be  used  instead  of  caustic  potash,  for  precipitating 
the  cobalt-solutions,  with  the  same  results. 

A.  Stromeyer,  when  working  upon  this  salt,  endeavoured  to 
obtain  an  analogous  body  with  lead;  he  succeeded  in  getting  a 

*  Ann.  Ch.  Phys.,  [3],xxxviii,  177. 
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yellow  solution  by  means  of  nitrite  of  potash  and  acetic  acid,  in  a 
solution  of  lead,  but  he  then  added  cobalt  which  gave  a  pre- 
cii)itate.*      ^ 

Oil  treating  a  solution  of  nitrate  of  lead  with  potash,  and  passing 
a  current  of  peroxide  of  nitrogen  through  the  liquid,  precisely  as  in 
making  the  cobalt-yellow,  I  found  that  all  the  peroxide  w^as 
absorbed,  and  as  the  oxide  of  lead  disappeared,  the  solution 
became  very  yellow.  Evaporating  and  crystallizing  this,  I 
obtained  large  yellow  prismatic  crystals ;  nitrate  of  potash  crystal- 
lizes at  the  same  time,  and  if  the  peroxide  of  nitrogen  has  been 
passed  througli  the  lead  too  long,  nitrate  of  lead  is  formed. 

The  yellow  salt  was  easily  separated  and  recrystallized.  The 
bases  were  determined  as  sulphates,  in  the  analyses,  with  the 
following  results : — 

I.  0/462  grms.  pure  salt  gave  0  4200  grms.  sulphate  of  lead  and 
0-0097  grms.  lead  =  0-319493  grms.  oxide  of  lead,  and  0*2472 
grms.  sulphate  of  potash  =  0-133545  grms.  potash. 

II.  1-4590  grms.  gave  0-6387  grms.  oxide  of  lead  and  0-25931 
grms.  potash. 

III.  10271  grms.  gave  0*43745  grms.  oxide  of  lead  and  0*1881 
grms.  potash. 

The  nitrogen  was  determined  as  gas,  metallic  copper  reduced 
from  the  fine  oxide,  being  used  in  the  combustion  tube  with  a 
little  oxide  at  the  fore  end.  The  gas  was  collected  and  washed  in  a 
small  apparatus,  then  transfeiTcd  to  the  eudiometer,  where  it  was 
measured. 

I.  0-1926  grms.  salt,  gave  45-6277  cubic  centimeters  nitrogen 
at  temperature  6-0°C. ;  and  pressure  277-5  millimeters  =  16-30  cc, 
at  0°C.  and  760  mil.  pressure,  =  0*204822  grms. 

II.  01958  grms.  gave  16*23  cc.  at  0°C.  and  760  mil.  pressure, 
=  0-225983  grms. 

The  water  was  determined  by  combustion  with  metallic  copper. 

I.  0*7834  grms.  gave  0*0274  grms.  water. 

II.  0*9145  grms.  gave  0-0314  grms.  water. 

III.  0-4735  grms.  gave  0-0177  grms.  water. 

•  Ann.  Ch.  und  Pharm.,  icvi,  228. 
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I. 

Oxide  of  lead  .     .     .     42-81 

Potash •  17-90 

Nitrogen     ....     10-63 

Water 3-47 

Oxygen  by  difference     25*16 
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The   above   analyses   correspond   to   the    following   calculated 
formula ; — 


PbO    . 

.     .     111-56 

42-98 

KO      . 

.     .       47-00 

18-10 

N^.     .     . 

.     .       28-00 

10-78 

O3  .     . 

.     .       64-00 

24-67 

HO      . 

.     .         9-00 

3-47 

259-56  100-00 

As  this  salt  crystallizes  out  T\ith  nitrate  of  potash,  it  is  of  about 
the  same  degree  of  solubility,  in  either  hot  or  cold  water,  and  the 
solution  may  be  boiled  for  some  time  without  any  decomposition, 
but  it  is  readily  decomposed  by  sulphuric,  hydrochloric,  or  nitric 
acid,  giving  off  red  fumes.  With  the  common  reagents,  it  acts 
like  nitrate  of  lead,  but  with  a  solution  of  sulphate  of  cobalt,  it 
gives  cobalt-yellow,  which  goes  down  with  the  sulphate  of  lead. 
It  loses  its  atom  of  water  at  100°C.,  but  if  the  temperature  be  raised 
a  few  degrees  higher,  the  red  fumes  come  off  abundantly.  The 
crystals  are  of  a  bright  yellow  colour,  and  remain  unaltered  in  the 
air. 

I  am  not  yet  prepared  to  give  my  salt  any  decided  rational 
formula,  but  its  composition  may  be  expressed  in  several  ways  as 
below.  When  2NO4  is  passed  over  2K0,  we  get  KONO5  and 
KONO3,  two  distinct  salts ;  but  if  2NO4,  be  passed  over  CoO  and 
KO,  as  in  the  case  of  cobalt- yellow,  or  over  PbO  and  KO,  as  in 
this  salt,  we  get  only  one  salt  of  a  double  composition,  which  we 
may  write  in  like  manner  : 

KONO3,  C0ONO5,  or 
KONO3,  PbONOg  +  HO. 

But  there  is  an  objection   to   this,   as   cobalt  -  yellow  is  almost 

VOL.    XIII.  Z 
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insoluhle  in  water.  Tlicse  salts  may  also  he  looked  upon  as  double 
peroxides,  iu  which  two  equivalents  of  oxygen  have  been  replaced 
by  two  equivalents  of  NO^,  thus 

|K0,   NO4)    +^^' 

but  from  the  nature  of  the  salts  I  hardly  think  that  NO^  exists  in 
them.  However  Gmelin  describes  a  salt  to  which  he  gives  the 
formida  2PbO,  NO^,  aq.,*  and  we  express  the  composition  of  these 
salts,  just  as  well,  by  writing  them  thus, 

KONO^,  C0ONO4 ;  or 
KONO4,  PbONO^  +  HO. 

This  subject  will  be  pursued,  and  I  hope  to  get  several  other 
salts,  which  must  give  some  reactions  that  will  lead  to  the  right 
rational  formula. 

These  experiments  were  made  in  the  laboratory  of  the  Edin- 
burgh University. 


XXXII. — 0?i  the  Electrolytic  Test  for  Arsenic,  and  on  the  Presence 

of  that  Metal  in  certain  Reagents. 

By  Charles  L.  Bloxam. 

In  a  former  communication  upon  this  subject  which  I  had  the 
honour  of  presenting  to  the  Societyjf  it  was  shown  that  when  a 
solution  containing  arsenious  acid  is  mixed  with  diluted  sulphuric 
acid  and  subjected  to  the  action  of  the  voltaic  current,  arseniuretted 
hydrogen  is  evolved  at  the  negative  terminal^  and  that  in  this  way 
very  minute  quantities  of  arsenious  acid  can  be  detected  with  great 
certainty,  even  in  the  presence  of  large  quantities  of  organic 
matter,  and  without  adding  any  material  to  the  liquid  which 
would  interfere  with  its  examination  by  other  analytical  processes. 
It  was  also  stated  that  arsenic  acid  did  not  respond  to  this  test, 
and  that  the  presence  of  mercury  in  the  liquid  interfered  very 
materially  with  the  detection  of  the  arsenic. 

♦  Handbuch.     Bd.  3,  s.  142. 
t  See  i>age  12  of  this  volume. 
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It  is  the  object  of  tliis  paper  to  sliow  how  arsenic  acid  may  be 
brought  within  reach  of  this  test,  how  the  interference  of  mercury 
maybe  prevented,  and  how  all  chance  of  error  due  to  the  evolution 
of  antimoniuretted  hydrogen  may  be  avoided. 

The  form  of  apparatus  recommended  in  the  previous  notice 
admitted  of  some  obvious  improvements.  A  tube-funnel  has  been 
added,  to  permit  the  introduction  of  the  liquid  to  be  tested,  and 
the  platinum  wires  communicating  Avith  the  battery  have  been 
replaced  by  broad  strips  of  platinum  foil. 

If  arsenious  acid  be  converted  into  arsenic  acid  by  boiling  with 
liydrochloric  acid  and  chlorate  of  potassa,  and  the  solution  be 
poui'cd  into  the  diluted  sulphuric  acid  during  the  passage  of  the 
current,  no  arseniuretted  hydrogen  is  evolved ;  but  if  a  few  drops 
of  solution  of  sulphurous  acid  or  of  bisulphite  of  soda  be  poured 
down  the  funnel-tube,  a  greenish  yellow  iridescent  crust  of  tersul- 
phide  of  arsenic  is  almost  immediately  deposited  at  a  little  distance 
beyond  the  heated  portion  of  the  tube,  and  is  followed,  in  most 
cases,  by  the  usual  mirror  of  metallic  arsenic. 

Since  arsenic  acid  is  reduced  with  great  difficulty  by  sulphurous 
acid  at  the  ordinary  temperature,  it  appeared  probable  that  the 
effect  was  really  due  to  the  hydrosulphuric  acid  formed  by  the 
action  of  the  nascent  hydrogen  upon  the  sulphurous  acid,  and 
accordingly  it  was  found  that  the  introduction  of  a  few  drops  of 
solution  of  hydrosulphuric  acid  into  the  electrolytic  cell  also  caused 
the  evolution  of  arseniuretted  hydrogen. 

If  an  excess  of  hydrosulphui'ic  acid  be  employed,  a  deposit  of 
sulphur  is  formed  in  the  tube,  nearer  to  the  orifice  than  the  deposit 
of  sulphide  of  arsenic,  from  which  it  may  be  very  easily  distin- 
guished by  its  much  lighter  colour,  and  by  its  insolubility  in  a 
warm  solution  of  sesquicarbonate  of  ammonia,  which  readily 
dissolves  the  sulphide  of  arsenic. 

Three  experiments  may  be  especially  referred  to  in  evidence  of 
the  certainty  attending  this  process. 

0"01  gm.  of  arsenious  acid  was  boiled  with  hydrochloric  acid  and 
chlorate  of  potassa,  and  introduced  into  the  electrolytic  apparatus, 
and  the  reduction-tube  through  which  the  hydrogen  escaped  was 
heated  to  redness  for  30  minutes  without  any  appearance  of 
deposit ;  but,  on  adding  5  grn.  measures  of  a  solution  of  bisulphite 
of  soda,  a  yellow  crust  of  tersulphide  of  arsenic  made  its  appear- 
ance in  5  minutes,  and  was   followed   by  a  distinct  deposit  of 
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metallic  arsenic,  identified  by  its  volatility  and  its  solubility  in 

chloride  of  lime. 

In  a  second  similar  experiment,  10  grn.  measures  of  a  saturated 
solution  of  hydrosulpluiric  acid  were  poured  down  the  funnel- 
tube  instead  of  the  bisulphite  of  soda.  The  crust  of  sulphide 
appeared  within  10  minutes,  and  that  of  metallic  arsenic  within 

15  minutes. 

A  third  experiment  was  made  with  only  0*001  grn.  of  arsenious 
acid  which  had  been  boiled  with  hydrochloric  acid  and  chlorate  of 
potassa;  within  13  minutes  after  the  addition  of  JO  grn.  measures 
of  hydrosulpluiric  acid,  the  yellow  sulphide  of  arsenic  appeared  in 

the  tube. 

It  was  found  that  however  large  a  proportion  of  hydrosulphuric 
acid  was  poured  into  the  decomposing  cell,  the  arsenic  was  still 
evolved,  the  metal  combining  with  the  nascent  hydrogen  in  pre- 
ference to  the  sulphur.  It  appeared  probable,  however,  that  the 
addition  of  hydrosulphuric  acid  would  at  once  precipitate  any 
antimony  or  mercury  present  in  the  liquid  under  examination, 
and  would  prevent  their  interference  with  the  detection  of  the 
arsenic. 

One  grain  of  tartar-emetic  (0*36  grn.  Sb)  dissolved  in  water,  was 
slightly  acidulated  with  sulphuric  acid,  mixed  with  an  excess  of 
hydrosulphuric  acid,  and  poured,  without  filtering,  into  the  decom- 
posing cell  in  which  the  diluted  sulphuric  acid  was  undergoing 
electrolysis ;  the  evolution-tube  was  maintained  at  a  red  heat  for 
38  minutes  without  any  deposit  in  the  tube  except  a  thin  film  of 
white  sulphur. 

Another  grain  of  tartar-emetic  was  then  mixed  with  0*01  grn. 
of  arsenious  acid,  which  had  been  boiled  with  hydrochloric  acid 
and  chlorate  of  potassa,  and  the  mixture  was  treated  with  an  excess 
of  hydrosulphuric  acid,  and  poured  into  the  same  decomposing 
cell  without  interrupting  the  experiment.  In  5  minutes,  yellow 
rings  of  tersulphide  of  arsenic  made  their  appearance  in  the  capil- 
lary^ reduction-tube;  in  less  than  15  minutes,  a  distinct  crust  had 
formed,  presenting  exactly  the  same  appearance  as  if  no  antimony 
whatever  had  been  present.  No  deposit  ^^had  been  formed  upon 
the  negative  plate. 

In  the  next  trial,  only  0*001  grn.  of  arsenious  acid  was  mixed 
with  1  grn.  of  tartar-emetic ;  the  solution  was  boiled  with  hydro- 
chloric acid  and  chlorate  of  potassa,  diluted  to  one  fluid  ounce  with 
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water^  saturated  with  hydrosulpliuric  acid  gas,  and  poured,  with 
the  suspended  precipitate,  into  the  decomposing  cell.  AYithin 
15  minutes,  a  distinct  deposit  of  metallic  arsenic  was  obtained, 
which  dissolved  immediately  in  solution  of  chloride  of  lime. 

When  1  grn.  of  tartar-emetic  and  O'Ol  grn.  of  arsenious  acid 
were  mixed  with  considerable  quantities  of  bread,  milk,  and  beer, 
and  the  brown  treacly  liquid  obtained  by  boiling  with  hydrochloric 
acid  and  chlorate  of  potassa,  and  subsequent  evaporation,  was 
mixed  with  excess  of  hydrosulphuric  acid  and  poured  into  the 
decomposing  cell,  deposits  of  metallic  arsenic  and  of  the  tersul- 
phide  were  almost  immediately  formed  in  the  tube.  On  collecting 
the  dark  precipitate  after  the  operation,  it  was  easily  identified  as 
sulphide  of  antimony. 

In  a  second  experiment  of  this  description,  one -fourth  of  the 
brown  fluid  (containing  0-09  grn.  Sb  and  0'0025  grn.  AsOg)  was 
introduced  into  the  decomposing  cell  without  adding  hydrosul- 
phuric acid,  when  a  very  distinct  mirror  of  antimony  was,  of 
course,  formed  in  the  reduction-tube,  and  a  deposit  of  that  metal 
was  obtained  on  the  negative  plate.  The  reduction-tube  was  then 
changed,  and  hydrosulphuiic  acid  added,  when  deposits  of  arsenic 
and  its  sulphide,  free  from  antimony,  were  formed  in  the  tube. 

To  prove  that  with  this  modification  of  the  test,  the  presence 
of  mercury  no  longer  prevented  the  detection  of  arsenic,  experi- 
ments precisely  similar  to  those  above  described  were  made, 
respectively,  upon  mixtures  of  1  grn.  corrosive  sublimate  with 
0"01  grn.  arsenious  acid,  and  0*25  grn.  corrosive  sublimate  with 
0*0025  grn.  arsenious  acid,  mixed  with  white  of  egg,  bread,  milk, 
and  beer,  when  no  difficulty  whatever  was  found  in  the  detection 
of  the  arsenic. 

The  solution  containing  chloride  of  mercury  and  arsenic  acid 
was  electrolytised  for  half  an  hour  without  the  slightest  appearance 
of  arsenical  deposit  in  the  heated  tubs,  the  mercury  being 
deposited  abundantly  upon  the  negative  plate;  but  on  the  addition 
of  solution  of  hydrosulphuric  acid,  a  crust  of  metallic  arsenic  was 
soon  obtained.* 

*  It  will  be  evident  that  this  method'of  converting  the  arsenic  into  arsenic  acid 
and  precipitating'  the  antimony  and  other  metals  by  hydrosulphuric  acid,  in  the 
co?c?, may  be  employed  with  advantage  in  Marsh's  test ;  the  solution  containing  the 
arsenic  acid  must  be  filtered,  however,  before  introduction  into  the  evolution  bottle, 
as  the  suspended  sulphide  of  antimony  was  found  to  be  immediately  decomposed  in 
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lu  onicr  to  asctTlain  wlirthor  the  occurroucc  of  putrcfactiou  in 
an  orjfunic  mixtun^  contnininjj  arscnioiis  acid  would  iutcrrcrc  with 
its  dctociion  by  the  electrolytic  test,  an  exporimont  was  made  with 
0(K)1  gm.  of  arsenious  acid  mixed  witli  meat,  white  of  egg,  ])ccr, 
V>r<  .  K  and  milk,  and  allowed  to  putrefy  for  nearly  twelve  months. 
No  tiithcuity  was  experienced  in  detecting;  the  arsenic. 

I  am  vcPk*  desirous  of  convincin<;  myself  that  reliance  may, 
in  all  cases,  be  placed  on  this  process  for  the  detection  of  arsenic, 
by  o|>erating  upon  orjz:anic  matters  eaacthj  similar  in  their  nature 
and  quantity  to  those  often  submitted  to  the  chemist  in  judicial 
inquiries,  but  have  hitherto  been  unable  to  do  this,  in  consequence 
of  the  dilheulty  of  procuring  hydrochloric  acid  so  pure  that,  when 
I  xamined  in  the  large  quantity  required  for  the  disintegration  of 
considerable  masses  of  viscera,  it  did  not  afford  any  indication  of 
the  presence  of  arsenic.  Believing  that  I  possessed  a  quantity 
of  sulphuric  acid  perfectly  free  from  arsenic,  I  cmi)loyed  it  for  the 
pn^jMiration  of  hydrochloric  acid;  but  even  this  sample  was  not 
found  to  be  absolutely  free  from  the  impurity,  and  on  resorting  to 
the  sulphuric  acid,  the  examination  of  a  large  quantity  at  once 
provwl  tlie  prcftcnce  of  a  very  minute  proportion  of  arsenic,  which 
wan  more  easily  traced  in  the  hydrochloric  acid,  since  the  latter 
could  be  employed  Mithout  inconvenience  in  larger  quantity, 
>x)th  in  the  electrolytic  and  in  Marsh's  test.  The  production  of 
sulphuric  acid  abHolutely  free  from  arsenic  is  now  engaging  my 
attention. 

It  ha«  also  l>een  incidentally  noticed  in  the  course  of  these 
experiments,  that  various  samples  of  solution  of  jiotassa  and  of 
the  sohd  hydrate  contained  very  notable  quantities  of  arsenic, 
attributable  probably  to  their  having  been  prcjjared  from  nitre  by 
the  action  of  (arsenical)  a)pper  at  a  high  temperature. 

A  more  im|K>rtant  point  for  the  consideration  of  the  analytical 
chemist  is  the  occurrence  of  arsenic  in  the  hydrosulphuric  acid, 

rrt.t^n  B  -  fcnrl  prolpharic  Ar'v\.     In  a  mixtnrc  contAlning  a  grain  of  tartar- 

*^'*"     "■  '     'ih  of  a  grain  of  arscniouH  acid,  the  latter  waH  detcf:tcfl  ag 

***    ■   -  ^ '•'   '"ii   r"'c»<'nt,  by  boiling  with  hydrochloric   acid  and 

********  ^    ■  the  cold  Holution  with  excewi  of  hydroHulphuric 

sod.  filtcria^  and  p  :  arihn  apparaiug. 

la  If  arah's  t«^  tU  ue  of  electroljti*ed  zinc  waa  found  to  be  attended  with 
advaaUge  ia  ouaau  iarotigation,  oa  account  of  the  very  alow  and  steady  evolutioa 

of  OML 
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prepared  in  the  usual  manner  from  sulphide  of  iron  and  diluted 
sulphuric  acid.  On  passing  the  gas  for  10  or  15  minutes  through 
a  reduction-tube  heated  to  redticss,  a  distinct  crust  of  sulphide 
of  arsenic  was  lormcd  nearer  to  the  heated  portion  than  the 
dei)osit  of  sulphur.  That  the  crust  really  consisted  of  sulphide 
of  arsenic  was  proved  bv  its  solubility  in  carbonate  of  ammonia, 
and  by  its  furnishing  metallic  arsenic  when  fused  with  carbonate 
of  soda  and  cyanide  of  potassium  in  a  current  of  carbonic  acid. 
This  experiment  was  repeated,  with  the  same  results,  upon  dillerent 
samples  of  sulphide  of  iron  and  sulphuric  acid.  That  the  arsenic 
was  due  to  the  sulphide  of  iron,  was  ascertained  by  employing 
only  so  much  of  the  purest  sulphuric  acid  as  gave  no  indication 
of  arsenic  in  Marsh's  process.  \Vater  saturated  with  the  gas, 
when  examined  by  Marsh's  antl  the  electrolytic  test,  was  not 
found  to  contain  arsenic. 

No  arsenic  was  detected   in  the  washed  hydr()sul])huric  acid  gas 
prepared  from  native  sidphide  of  antimony  and  hydrochloric  acid. 
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On  Ike  Volumrtrlr   RrlnilniM  of   07niir.  niul    ilio    Irfloii    of   the  Elec« 
trlml    Illsrlinrffc  on   Oxjicrn   niul   oilirr  (;n^rN. 

By    Thomn*    iiulrr>«H.    >I.U..    K.ll.H..    >l.lt.l.l..    mill    Polcr  C;.  Talf,   M.A. 
(From  thf  PhiloBophical  Tratutuctiotut/or  18G0.)* 

1.  Tiir  molecular  chang:cs  produced  hy  the  electric  current,   or 
d      '  .in  certain  compound  bodies  tlirou«rh  Avliieli    it  is   trans- 

muu'u,  lurnish  some  of  the  most  interesting^  examples  of  the  action 
of  a  decomposinjj  force  that  have  been  discovered  in  later  times. 
The  discharj^e  of  the  Lcyden  jar,  through  fine  wires  or  thin 
metallic  leaves,  exhi])itcd  long  ago  the  heating  ])owcr  of  the  current, 
nnd  the  interesting  experiments  of  the  Dutch  chemists  afterwards 
showed  that  the  disruptive  discharge  has  the  power  of  splitting  up 
cx)mpound  bodies  into  their  constituent  parts.  The  great  invention 
of  the  pile  of  Volta,  by  furnishing  an  abundant  su])ply  of  electricity 
of  moderate  tension,  led  subsecpuntly  to  the  important  discovery 
of  the  polar  decomposition  of  water  and  of  other  compound  bodies. 
In  the  case  of  ga»C8,  it  has  been  known,  since  the  time  of  Priestly 
and  CtTcndish,  that  the  spark-discharge  has  the  apparently 
antafToniRtic  properties  of  causing  decom])osition  in  some  cases  and 
o  ition    in    others.     Finallv,   in    our    own  day,    Schonbein 

made  the  fine  oljservation  that  a  new  substance  (ozone),  alike 
remarkable  for  the  activity  of  its  properties  and  for  the  facility 
with  which  it  is  destroyed,  is  formed  ))y  the  action  of  the  spark  on 
pure  oxygen  ^a»,  in  the  electrolysis  of  water,  and  in  certain  cases 
of  rIow  oxidation. 

Our  object  in  the  present  communication  is  to  continue  the 
inrestigation,  already  begun  by  one  of  us,t  of  the  properties  of 
oxone,  by  ^'^  'ing  it  under  varied  conditions  to  a  series  of 
careful  volunii  Lru  experiments.  ^Ve  hoped,  in  this  way,  to  throw 
K>me  new  light  on  the  relations  of  this  singular  body  to  oxygen, 
by  determining  whether  any,  and  what,  change  of  volume  occurs  in 
itM  formation.  Out  expectations  in  this  respect  have  not  been 
disappointed.  We  have  a.«iccrtained  that  when  oxygen  changes  into 
Oione,  a  great  eondenwition  takes  place;  so  great  indeed,  that  it  is 
almost  incompatible  with  the  existence  of  ozone  as  an  allotropic 
form  of  oxygen  in  the  gaseous  state.  This  investigation  has 
naturally  extended  itnelfto  an  examination  of  tlic  effects  produced 
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by  the  electrical  discliarfjc  upon  otlicr  frascs,  simj)lc  as  well  as  com- 
pound ;  and  altliouirlj,  from  its  i^rcat  extent,  tliis  part  of  the  iiujnirv 
has  as  vet  l)een  onlv  partially  entered  into,  some  of  tlie  results 
already  obtained  are  of  considerable  interest,  and  will  be  referred 
to  in  the  present  eoniniunieation. 

Before  proeeedinj^  further,  we  must  draw  attention  to  the  difle- 
rcncc  of  action  wliich,  in  many  cases,  we  have  found  to  exist 
between  the  spark,  or  spark-disehar^e,  and  the  plow,  or  silent 
discharire.  ^^  hen  the  former  terms  are  emjjloyed  in  this  paper, 
they  indicate  a  succession  of  brilliant  sparks  between  two  fine 
})latinum  wires,  usually  at  the  distance  of  20  millims,  (0-8  inch) 
from  each  other,  and  hermetically  sealed  into  the  tube  containint^ 
the  p:as  under  ol)seryation.  This  form  of  discharge  was  ol)tained 
by  connecting  the  free  end  of  one  of  the  platinum  wires  with  an 
insulatiuir  stand,  pnjyided  with  a  brass  ball  whieli  was  brought 
within  a  short  distance  of  the  prime  conductor  of  an  electrical 
machine  in  high  order,  while  the  free  end  of  the  other  jjlatinum 
wire  was  in  connection  with  the  ground.  The  silent  discharge 
presented  no  visible  character  except  a  faint  glow,  not  visible  by 
daylight,  at  each  metallic  point,  and  was  obtained  by  connecting 
the  first  platinum  wire,  not  with  the  insulator,  but  directly  with  the 
prime  conductor.  To  avoid  the  mixture  of  the  "brush"  with  the 
silent  discharge,  it  was  necessary  to  establish  the  connection firmlv 
both  with  the  conductor  and  with  the  earth  wire ;  and,  m  some 
cases,  where  a  full  eflect  was  required,  the  machine  had  to  be 
turned  very  slowly. 

The  electrical  machine  employed  was  a  small  plate  one  (18  inches 
in  diameter),  screwed  down  firuily  to  the  floor  of  the  apartment, 
opposite  to  an  open  fire.  On  the  prolongation  of  the  axis  of  the 
plate,  a  wheel,  0  inches  in  diameter,  was  fixed,  from  which  a  belt 
passed  to  an  iron  wheel,  U)  inches  in  diameter,  revolving  in  a 
wooden  frame,  wliich  was  also  fastened  to  the  floor.  ]5y  this 
arranixcmcnt,  the  machine  could  be  easily  made  to  turn  at  the  rate 
of  3o()  revolutions  per  minute.  To  maintain  a  regular  and  power- 
ful stream  of  electricity  at  this  rai)id  rate  of  motion,  it  was  found 
necessary,  in  addition  to  the  ordinary  cushions,  to  hold  with  the 
hand  against  the  plate  a  rubl)er  covered  with  amalgam.  AVhcn  in 
ordinary  working  order,  the  maehinc  gave  above  (KK)  sparks  per 
minute,  and  in  decomposing  water  produced  in  the  same  time 
00002  cub.  cent,  of  the  mixed  gases."^ 

The  ordinary  forms  of  eudiometrical  apparatus  were  found  to  be 
wholly  inapplicable  to  this  inquiry.  We  failed  in  discovering,  by 
their  means,  whether  even  a  change  of  volume  occurs,  wVen 
ozone  is  produced  from  oxygen.     To  increase   the  difficulty,  the 

•  Reports  of  the  British  Association  for  1S55,  Trans,  of  Sect,  p.  46. 
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ex|X*rimcnts  could  not  l)c  carried  on  in  presence  of  mercury  or 
water,  as  the  former  is  immediately  attacked  by  ozone  ;  and  the 
latter  not  onlv  destroys  it  rapidly  by  contact,  but  introduces  a 
disturbing  cause,  in  the  form  of  aqueous  yapour,  exceeding  in 
ixeneral  the  Nvliole  elfcct  to  be  measured.  In  the  a])paratus  now  to 
l)e  described  these  dillicultics  were  oycrcomCj  and  very  minute 
changes  of  yolume  determined  with  certainty. 

In  lig:s.  1  and  2,  the  vessel  in  which  the  oxygen  was 
contained  is  represented  of  difVercnt  forms.  It  consists  of  a 
cylindrical  tube  ah,  having  two  fine  ])latinum  wires  hermetically 
scaled  in  opposite  sides,  and  terminating  in  a  capillary  tube  cde^ 
of  the  form  represented  in  the  figure.  The  liquid  in  the  limbs 
d  e,  is  hvdratcd  sulphuric  acid  (HO,  SO3),  and  it  is  by  the  changes 


Fig.  1. 


Fig.  2. 


Fig.  3. 
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in  the  level  of  this  liquid  that  the  alteration  in  the  volume  of  the 
gas  in  abc  is  determined.  In  order  to  make  the  necessary  correc- 
tions for  changes  of  temperature  and  pressure,  during  the  interval 
between  two  observations,  a  vessel  filled  with  dry  air,  of  the  same 
form  and  size  as  that  employed  in  the  experiment,  was  read  along 
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with  it ;  the  reservoirs  of  both  vessels  ])cing  immersed  in  a  large 
calorimeter,  as  shown  in  tig.  3.  To  the  first  of  these  vessels,  we 
usually  gave  the  name  of  jjrimary  vessel,  and  to  the  seeond  that 
oiauxiUary  vessel.  In  order  to  correct  for  any  slight  diU'erence  in 
the  size  of  the  vessels,  or  in  the  diameters  of  the  capillary  tubes, 
simultaneous  readings  oi  both  were  made  at  difTerent  temperatures, 
and  a  coefficient  thus  determined,  by  means  of  which  the  indications 
of  the  two  vessels  could  be  afterwards  accurately  compared.  When 
the  reservoirs  were  large,  the  corrections  so  to  be  applied  were 
frcciuently  less  than  the  errors  of  observation. 

The  extreme  delicacy  of  this  apparatus  will  be  evident  from  the 
following  considerations.  If  we  take  the  case  of  a  vessel  ^vith  a 
large  reservoir  (fig.  1°),  the  changes  in  volume  of 
the  contained  gas,  supposing  the  temperature  to 
remain  constant,  will  be  nearly  proportional  to 
the  changes  of  pressure  indicated  by  a  barometer 
filled  with  sulphuric  acid.  As  the  height  of  such  a 
barometer,  at  the  mean  pressure  of  the  atmosphere, 
would  be  about  5500  millims.,  an  alteration  of 
1  millim.  in  the  difference  of  levels  of  the  acid  in 
the  siphon  tube  {de,  fig.  1)  would  correspond  to 
a  chanffc  of  volume  of  about  -^th  of  the  entire 


Fig  r. 


51XX) 


gas;  but,  as  it  was  easy  to  read  to  0*5  millim.,  or 
even  to  0'25  millim.,  the  apparatus  in  this  form 
enabled  us  to  estimate  a  change  of  volume  not  ex- 
ceeding one-half,  or  even  one-fourth  of  that  quantity.  i\  \y) 
"With  a  smaller  reservoir  (fig.  2),  the  indications  of 
the  apparatus  were,  it  is  true,  not  quite  so  delicate, 
and  a  careful  set  of  comparative  readings  with  the 
auxiliary  vessel  was  always  required;  but  even  here, 
a  change  of  volume  amounting  to  not  more  than 
^th  of  the  whole,  could  be  determined  with  cer- 
tainty. 

The  absolute  change  of  volume  of  the  gas,  cor- 
responding to  a  given  change  in  the  levels  of  the 
acid  in  the  siphon  tube  (corrected  in  the  first 
instance  by  the  aid  of  the  auxiliary  vessel),  was 
estimated  in  two  ways ;  first,  by  observing  the 
change  of  level  produced  by  raising  or  lowering 
the  temperature  of  the  water  in  the  calorimeter 
through  a  small  number  of  degrees ;  and  secondly, 
by  accurately  determining,  at  the  end  of  the  experiment,  the 
capacity  of  the  reservoir  and  that  of  the  capillary  tube. 

The  form  of  apparatus  now  described  can  only  be  employed  when 
the  entire  change  of  volume  of  the  gas  does  not  amount,  in  the 
course  of  the  experiment,  to   more  than  about  one-tenth   of  the 
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whole.  When  l.irjjc  rliaiijrcs  of  volume  ocviir,  the  free  end  of  the 
siphon  tuln*  uiuHt  he  luTiuctically  srahnl,  so  as  to  inchidc  a  certain 
qunntitv  of  nir,  from  whose  subse(|uent  cliauiijc  of  vohnne  that  of 
the  pa.H  in  the  n\servoir  ean  be  readi'y  eahMihiteil.  Tins  moditieation 
of  the  apparatus  wc  have  found  to  be  very  convenient  in  experiments 
upon  the  action  of  the  spark  and  silent  diseharj^c  on  the  conipouud 


2.  The  oxypcn  tras  employed  in  the  following  exj)eriments  was 
prcpartxl  from  fused  chlorate  of  potash,  and,  to  purify  and  dry  it, 
was  pajised  throuj^h  two  l'-tu])cs,  the  first  containinj^  fra<:Cment.s 
of  marble  moistened  with  a  strong  solution  of  caustic  pota-sh,  the 
second,  fra^ients  of  glass  moistened  with  sulphuric  acid.  The 
pota.Hh-iul)c  was  sometimes  suppressed.  In  order  to  remove  every 
trace  of  nit roLr«n.  the  whole  apparatus  was  placed  in  connexion 
with  a  good  air-pump,  and  a  vacuum  ])roduecd  to  the  extent  of  at 
least  half  an  inch,  while  the  gas  was  still   being  evolved    from   the 

Fig.  4. 


^ir 


fused  chlorate  (fig.  1).  AVhcn  the  process  of  exhaus- 
tion was  discontinued,  the  gas  soon  filled  the  appa- 
ratu!*,  and  wich  expelled  through  the  mercury  at  the 
lower  end  of  the  long  gauge.  The  operation  of 
cxha  and    refilling  the    vessel   was   performed 

three  timei*    in    every  experiment.       Supposing    the 
connexions  of  the  apj)aratus  to  have  been  perfectly 
air-tii^ht,   the    nitrogen    remaining   after   this    tri[)lc 
.  Cfjuld  not  have  amounted  to  more  than 
• :«  ol   the   whole.     This  degree  of  accuracy  was 
Dot,  It  is  true,  realized  in  practice,  but  the  oxygen 
IPM,  prepared  in  this  way,  did  not  contain  T^th  of  its  ^ 
^    '     le   of  nitrogen.      The  connexion  with  the  air- 
*  a  having  been  broken  (the  gas  still  continu- 
iii^   U)   pass  frcjcly  over),  the  end  of  the  tube  was   softened  in   a 
lamp  and   bent  downwards  at    an   obtuse   angle,  so    as  to  allow 
it  to  dip  into  sulphuric  acid  contained  in  a  small  dish^  as  shown 
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in  f\^.  5.  Tlio  cniTont  of  ^ti^  was  now  arrestrd,  by  removing 
•gradually  tlic  lamps  from  the  cliloratc  of  potasli,  so  as  to  allow 
the  apparatus  to  cool  slowly,  ^^'ll(•^  the  acid  had  ascended  a 
short  way  in  a  c,  the  vessel  was  sealed  hermetically  at  d,  and,  after 
the  acid  had  ascended  to  about  the  jioint  c,  the  vessel  was 
removed,  and  placed  in  the  ui)ri^hL  position  represented  in  fi<^s.  1 
and  2.  It  was  sometimes  necessary  to  expel  a  bubble  or  two  of 
gas,  in  order  that  the  column  of  acid  in  the  siphon  tube  might  be 
in  a  convenient  position  when  the  vessel  was  placed  in  the  calo- 
rimeter. 

Previous  to  fdlinir  the  vessels,  they  were  always  cleaned  by 
means  of  boiling  nitric  acid,  and  subsequent  washing  with  distilled 
water.     Thev  were  afterwards  carefullv  dried.     To  the   success  of 

•  * 

several  of  the  following  experiments,  this  precaution  was  indi.s])cu- 
s:d)le. 

An  auxiliary  ves.scl  having  ])een  fdled  in  the  same  manner, 
citlier  with  air  or  with  oxygen,  the  two  vessels  were  placed  in  the 
calorimeter  (fig,  3),  and  the  difrercnec  of  the  levels  of  the  acid  in 
each  carefully  read.  In  our  earlier  experiments  we  generally  used 
a  cathetomcter  for  this  purpose,  but  latteily  we  found  it  more 
convenient  and  sufficiently  accurate  to  apj)ly  to  the  limbs  of  the 
siphon  tul)es  a  scale  divided  into  millimetres.  From  the  rapidity 
indeed  with  whicli  the  readings  were  thus  made,  the  results  were 
found  to  be  fully  as  trustworthy  as  those  obtained  with  the 
cathetomcter.  When  quantitative  determinations  were  required, 
the  temperature  of  the  water  in  the  calorimeter  and  the  height  of 
the  barometer  were  carefully  noted.  After  the  levels  were  read, 
the  free  ends  of  the  siphon  tubes  in  both  vessels  were  hermeticallv 
sealed.  The  primary  vessel  was  then  removed  from  the  calorimeter 
and  placed  in  connexion  with  the  electrical  machine,  to  be  exposed 
to  the  action  either  of  the  spai'k  or  silent  discharge.     When  this 
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opcrmtkni  wis  finisluvl,  the  vcssrl  was  rrplacoil  in  the   calorinictor 
the  »iph<>u  tubes  were  opened,  and  the   levels  uf  the   aeid  in  the 
two  vcjiNels  again  rt\id. 

In  onicr  to  examine  the  efTects  of  heat,  tlie  reservoir  of  the 
Te»el  wn»  plaeed  in  a  sort  of  air-bath,  ft)rmed  by  sus])endini^  a 
long  ctipiHT  eylinder  a])ove  a  Leslie's  gas-burner,  the  sipliou 
tube  being  outside  tlie  eylinder,  fig.  G.    In  this  way  a  temperature 

Fig.  0. 


of  300^  C,  which  was  sufhricnt  to  destroy  in  a  short  time  all  the 
ijumc  reactions,  was  readily  obtained.  'Ihis  temperature  was 
rstimAte^l  without  difficulty,  by  observiufr  tlic  amount  of  compros- 
»ion  of  the  air  in  the  outer  lejcof  the  siphou  tube.  Our  apparatus, 
with  a  Alight  mo<lifieation,  mifrht,  in  fact,  be  employed  as  a  ther- 
^^  ^^'^  5*il  temperatures  below  that  at  which  glass  begins  to 


It  will  probably  tend  to  perspicuity,  if  we  state,  before  goinj^ 
'T,  tome  of  the  general  results  of  our  experiments  on  the 
action  of  the  electrical  discharge  on  pure  oxygen. 
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T.  ^Vllcn  the  silent  disclinr^rc  is  passed  tlirou^^li  i)urc  and  dry 
oxyj^en,  a  contraction  t:ikcs  place.  This  contraction  jjrucccds,  at 
first  rapidly,  hnt  afterwards  more  slowly,  till  it  attains  a  limit, 
^vhi(•h,  in  one  of  our  experiments,  amounted  to  ,'.  th  of  the  orij^inal 
volumi'  of  the  ^as. 

ir.  If  a  few  electrical  sparks  be  passed  throuj^h  the  «ras  in  this 
contracted  state,  it  expands  till  it  recovers  about  three-fourths  of 
the  contraction;  but,  however  Ijnj^  the  sparks  arc  passed,  the  gas 
never  recovers  its  original  volume. 

III.  When  electrical  sparks  arc  passed  through  pure  and  dry 
oxygen,  it  contracts,  but  to  a  much  smaller  extent  tiian  when  acted 
on  by  the  silent  discharge.  The  oxygen  is,  in  fact,  brought  to  the 
same  volume  as  when  electrical  sparks  arc  passed  through  the  same 
gas,  previously  contracted  by  the  silent  discharge. 

IV.  When  oxygen,  contracted  cither  by  the  silent  discharge  or 
by  sparks,  is  exposed  for  a  short  i'umi  to  the  tcmpcratureof  ^70°  C, 
it  is  restored  to  its  original  volume,  and,  on  opening  the  vessel, 
the  ozone  reactions  are  found  to  have  disappeared. 

The  following  experiments,  taken  from  a  large  number  which 
gave  similar  results,  wUl  serve  to  illustrate  the  foregcjing  state- 
ments. 

a.  In  a  vessel,  whose  reservoir  had  a  capacity  of  5  cub.  cent, 
sparks  were  passed  for  ten  minutes,  and  produced  a  contraction  of 
5*9  millims.,  as  measured  by  the  change  of  leveWof  the  acid  in  the 
siphon  tube.  By  heating  the  vessel  afterwards  to  3(K)  C,  the 
levels  were  restored  to  within  0*1  millim.  of  their  original  position. 

"With  the  silent  discharge  in  the  same  vessel,  a  contraction  of 
39'5  millims.  (corresponding  to  about  one-thirtieth  of  the  volume 
of  the  gas)  was  obtained  in  ten  minutes.  Of  this  contraction  heat 
restored  38-7  millims.  This  slight  ditterence  of  0*8  millim.  is  pro- 
bably due  to  distortion  of  the  vessel  i)roduccd  by  heat. 

Again,  the  silent  discharge  gave  in  ten  minutes  a  contraction 
of  37*6  millims.,  of  which  sparks,  subscfpicntly  passed  for  seven 
minutes,  destroyed  29' 7  millims.,  leaving  7'9  millims.  undestroyed. 

/9.  In  another  vessel  having  a  reservoir  of  the  capacity  of  0*8 
cub.  cent.,  active  sparks  gave,  in  fifteen  minutes,  1  millims.  of 
contraction.  After  fifteen  minutes  more  of  sparks  there  was  no 
additional  contraction. 

The  silent  discharge  was  now  passed  for  fifteen  minutes,  and 
increased  the  contraction  to  20  millims.;  in  fifteen  minutes  more, 
the  entire  contraction  was  31  millims.  Tour  strong  sparks 
reduced  this  to  22'd  millims.,  six  or  seven  more  to  10  millims., 
seven  more  to  11  millims.,  and  sparks,  continued  for  ten  minutes, 
left  4  millims.  of  permanent  contraction, 

7-  In  a  third  vessel,  of  about  the  same  capacity  as  the  last, 
sparks  gave  a  final  contraction  of  7*5  millims. ;  while  the  silent  dis- 
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charge,  puslicd  to  it^  limit,  increased  the  contraction  to  90  millims. 
corrcspomling  to  about  one-twelfth  of  the  entire  volume  of  the 
gas.     This  contraction  was  almost  exactly  destroyed  by  heat. 

lU^forc  leaving  this  part  of  the  subject,  we  should  mention  that, 
wlien  a  full  contraction  is  obtained  by  means  of  the  silent  discharge, 
it  will  be  found  very  slowly  to  diminish  from  day  to  day.  We 
have  not  ascertained  whether,  at  the  end  of  a  very  long  period  of 
time,  the  original  volume  of  the  gas  would  be  recovered.  At  100°  C, 
the  contraction  diminishes  much  more  rapidly  than  at  ordinary 
temperatures.  Thus  it  appears  that  the  state  produced  by  the 
electrical  discharge  is  not  permanent,  even  at  common  tempera- 
tures, and  that  it  becomes  more  unstable  as  the  temperature  rises, 
till  at  270°  C.  it  is  rapidly  destroyed. 

We  next  proceeded  to  examine  the  volumetric  changes  which 
occur  when  oxygen  contracted  by  the  electrical  discharge,  is 
brought  into  contact  with  other  bodies. 

The  first  body  we  tried  was  mercury,  the  physical  changes  pro- 
duced on  which  by  ozone  are  known  to  be  verv  remarkable.  When 
a  capsule  containing  this  metal  is  broken  in  a  tube  of  oxygen  gas 
through  which  the  silent  discharge  has  been  passed,  the  mercury 
instantly  loses  its  mobility,  and,  if  gently  shaken,  covers  the 
interior  of  the  tube  with  a  brilliant  mirror.  As  the  action  con- 
tinues, the  mirrored  surface  breaks  up,  and  the  coating  becomes 
converted  into  a  blackish  semipulverulent  substance.  Unless  the 
tube  be  very  violently  shaken,  the  ozone  reactions  will  not  be 
entirely  destroyed,  until  the  mercury  has  been  for  some  hours  in 
contact  with  the  gas. 

To  determine  the  volumetric  changes,  a  thin  capsule,  filled  with 
pure  mercury  and  hermetically  sealed,  was  placed  in  a  vessel  with 
a  large  reservoir  of  the  usual  form  (fig.  1°),  which  was  afterwards 
filled  with  dry  oxygen.  After  the  levels  had  been  read,  the  silent 
discharge  was  passed  until  a  considerable  contraction  was  obtained. 
The  corrections  for  changes  of  temperature  and  pressure  were,  as 
in  other  ca.se9,  furnished  by  an  auxiliary  vessel.  The  free  end  of 
the  sipljon  tube  having  been  sealed,  the  primary  vessel  was 
removed  from  the  calorimeter,  and  the  capsule  broken  by  a  sudden 
jerk.  The  breaking  of  the  capsule,  in  this  and  other  experiments, 
was  greatly  facilitated  by  introducing  into  the  vessel  a  small  piece 
of  thick  {:la-ss  tube,  which  fell  on  the  capsule  when  the  vessel  was 
shaken  (fig.  \\  k,  p.  347). 

^  iewing  ozone  a.s  an  allotropic  form  of  oxygen,  in  the  gaseous 
state,  we  expected  that  when  mercury  came  into  contact  with  it,  a 
contraction  would  take  place,  equal  to  the  volume  of  the  ozone  which 
entered  into  combination  with  the  metal.  This  anticipation  has  not 
been  realized.     After  the    rupture  of  the  capsule,  the  vessel  was 
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immediately  replaced  in  the  calorimeter  and  the  levels  read.  Not 
the  slightest  diminution  of  volume  was  observed  in  any  one  of  a 
large  number  of  experiipcnts  j  on  the  contrary,  an  increase,  cor- 
responding to  a  change  of  1  millini.  in  the  levels,  generally 
occurred.  On  allowing  the  vessels  to  remain  in  the  calorimeter, 
and  reading  the  position  of  the  acid  in  the  siphon  tubes  from  time 
to  time,  the  gas  was  found  to  expand  steadily,  but  slowly,  for  some 
hours,  till  from  two-thirds  to  five-sixths  of  the  contraction  pro- 
duced by  the  discharge  was  recovered.  If  the  vessel  was  opened 
at  any  time  while  this  expansion  was  going  on,  the  ozone  reactions 
were  always  manifest ;  but  when  the  expansion  was  at  an  end,  the 
ozone  reactions  had  also  ceased. 

If  the  mercury,  instead  of  being  allowed  tranquilly  to  act  upon 
the  gas,  was  ^dolently  agitated  after  ])reaking  the  capsule,  a  much 
smaller  portion  of  the  contraction  was  restored ;  in  some  cases  not 
more  than  one- sixth. 

Metallic  silver,  in  the  state  both  of  leaf  and  of  filings,  gave 
similar  results.  The  surface  of  the  silver  was  partially  blackened, 
about  three-fourths  of  the  original  contraction  was  recovered,  and 
the  whole  operation  much  more  quickly  terminated. 

As  the  above  reactions  were  evidently  complex,  the  mercury  and 
silver  partly  entering  into  combination  with  the  gas,  while  the 
compounds  formed  appeared  to  exercise  a  catalytic  action,  we 
endeavom-ed  to  find  an  elementary  body  which  would  instantly 
destrov  the  ozone  reactions,  and  at  the  same  time  be  without 
action  on  dry  oxygen.  After  some  trials,  we  found  that  iodine 
possessed  the  required  properties.  We  first  ascertained  that  its 
vapour,  although  visible  at  common  temperatures,  has  no  appre- 
ciable tension.  When  a  small  capsule,  containing  pure  and  dry 
iodine,  was  broken  in  a  vessel  of  the  usual  form  filled  with  oxygen, 
the  levels  of  the  acid  in  the  siphon  tube  were  not  altered.  So 
slight  also  is  the  affinity  of  iodine  for  oxygen,  that,  on  heating  the 
reservoir  so  as  to  volatilize  a  considerable  portion  of  the  iodine,  and 
afterwards  allowing  it  to  cool,  the  volume  of  the  gas  underwent  no 
change.  On  the  other  hand,  if  ozone  be  present,  the  iodine  is 
immediately  attacked,  a  greyish-yellow  compound  is  formed^  and 
all  ozone  reactions  are  instantlv  destroved. 

The  experiment  already  described  with  mercury  was  now 
repeated,  substituting  iodine  for  that  metal.  On  breaking  the 
capsule,  the  levels  of  the  acid  scarcely  changed  1  millim.,  although 
the  original  contraction  amounted  to  50  millims.  No  subsequent 
expansion  took  place,  and,  on  opening  the  vessel,  the  ozone  reac- 
tions had  entirely  disappeared. 

On  the  allotropic  hypothesis,  these  experiments,  and  particularly 
the  last,  lead  to  the  conclusion  that  ozone  must  have  a  density  at 
least  fifty  times  as  great  as  that   of  oxygen.     This  conclusion  is 
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indeed  unavoidable  from  the  experiments  just  described,  unless  it 
is  assumed  that  at  the  same  moment  when  one  portion  of  the  ozone 
combines  uiih  the  iodine,  another  portion  changes  back  into 
oxyjren,  and  that  these  quantities  are  so  related  to  one  another, 
tliat  tlu^  expansion  due  to  the  one  is  exactly  equal  to  the  contrac- 
tion arising  from  the  other.  Such  a  supposition  cannot,  however, 
be  considered  probable. 

4.  In  order  to  subject  this  remarkable  property  of  ozone  to  a 
further  examination,  two  additional  series  of  experiments  were 
undertaken,  to  a  description  of  which  we  now  proceed. 

In  the  first  series,  a  primary  and  an  auxiliary  vessel  with  large 
reservoirs  were  filled  M'ith  pure  and  dry  oxygen,  small  capsules 
hermetically  scaled,  and  containing  portions  of  the  same  solution 
of  iodide  of  potassium,  having  been  previously  placed  in  each.  The 
silent  discharge  was  passed  through  the  primary  vessel  so  as  to  pro- 
duce a  considerable  contraction,  amounting  in  difi'erent  experi- 
ments to  from  40  millims.  to  80  millims.  The  levels  of  the  acid  in 
the  siphon  tubes  of  both  vessels  having  been  carefully  read  while 
the  vessels  were  in  the  calorimeter,  the  ends  were  sealed,  and  the 
vessels  shaken  so  as  to  break* the  capsules  in  both.  In  the  primary 
vessel,  the  iodide  of  potassium  solution  became  instantly  coloured 
dark  brown  fi'om  the  iodine  set  free,  while  that  in  the  auxiliary 
vessel  did  not  change.  On  replacing  the  vessels  in  the  calori- 
meter, and  opening  the  ends  of  the  siphon  tubes,  the  change  in 
the  levels  indicated  a  considerable  expansion  in  both.  In  the 
auxiliary  vessel,  this  expansion  was  due  to  the  tension  of  the 
vapour  of  the  solution  of  iodide  of  potassium  alone;  in  the 
primary  vessel,  the  expansion  ought  to  have  been  less  than  this, 
on  account  of  the  absorption  of  ozone,  if  the  volume  of  that  body 
were  capable  of  measurement. 

In  the  following  Table,  which  contains  the  results  of  five  very 
careful  experiments  made  in  this  way,  the  first  column  gives  the 
amount  of  contraction  produced  by  the  silent  discharge  in  the 
primary  vessel,  previous  to  the  breaking  of  the  capsules;  the 
second,  the  temperature;  the  third  and  fourth,  the  respective 
expansions  in  the  primary  and  auxiliary  vessels ;  and  the  fifth,  the 
differences  of  the  numbers  in  the  third  and  fourth  columns  : — 

mm.  _  mm.  mm.  mm. 


I. 

81-5 

11-OC. 

68-5 

70.0 

1-5 

11. 

62-2 

I3-5C. 

79-5 

80-0 

0-5 

TIT. 

72-2 

8-7C. 

50-7 

520 

—  1-3 

IV. 

63-5 

I2-2C. 

71-5 

730 

1-5 

V. 

45*5 

I6-2C. 

87'0 

89-2 

—  2-2 
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The  capacity  of  the  vessels  employed  in  these  experiments  was 
about  30  cub.  cent.,  and  the  primary  and  its  auxiliary  were  found, 
in  each  experiment,  by  careful  comparative  observations,  to  work 
accurately  together.  The  solution  of  iodide  of  potassium  was 
purposely  employed  of  different  strengths  in  the  several  experi- 
ments. In  I.  it  contained  4-^o^th  part  of  iodide  of  potassium ;  in 
II.  jioih;  in  III.  ^rd  ;  and  in  IV.  and  Y.  J-th.  In  the  two  last 
the  solution  was  slightly  acidulated  with  hydrochloric  acid,  in  the 
others  it  was  neutral.  The  capsules  contained  each  about  0'7  grm. 
of  these  solutions. 

The  agreement  in  the  results  of  these  experiments,  made  with 
solutions  of  iodide  of  potassium  so  widely  differing,  is  very  remark- 
able. We  ought  also  to  observe  that  direct  experiments,  per- 
formed with  great  care,  showed  that  the  iodine  set  free  by  the 
ozone  in  the  primary  vessel  did  not  affect  the  tension  of  the  vapour 
of  the  solution. 

Taking  the  mean  of  the  above  numbers,  the  density  of  ozone,  as 
compared  with  that  of  oxygen,  must  be  expressed,  on  the  allotropic 
hypothesis,  by  about  the  number  60  ;  in  other  words,  ozone  must 
be  a  gas  only  about  six  times  lighter  than  the  metal  lithium.  If 
the  small  differences  in  the  fifth  column  be  due,  wholly  or  in  part, 
to  accidental  causes,  which  is  far  from  improbable,  a  still  higher 
number  must,  on  the  same  hypothesis_,  be  taken  to  express  the 
densitv  of  ozone. 

In  the  last  series  of  experiments,  the  amount  of  iodine  set  free 
in  the  solution  of  iodide  of  potassium  was  determined  by  analysis, 
and  the  weight  of  oxygen  deduced  therefrom  compared  with  the 
weight  of  oxygen,  calculated  from  the  volumetric  change  which 
had  occurred  in  the  formation  of  the  ozone. 

We  shall  describe  these  experiments  with  some  detail,  particu- 
larly as  the  methods  employed  will  be  found  applicable  to  other 
cases  of  gas  analysis,  where  small  changes  in  a  given  volume  of 
gas  have  to  be  estimated. 

Before  filling  it  with  oxygen,  a  sealed  capsule  containing  a  solu- 
tion of  iodide  of  potassium  was  introduced  into  the  primary  vessel, 
while  the  auxiliary  contained  the  dry  gas  only.  The  silent  dis- 
charge was  passed  through  the  former,  and  the  contraction  care- 
fully observed.  The  capsule  was  then  broken,  and  the  solution 
agitated  in  the  primary  vessel  for  a  few  seconds.  The  siphon  tube 
was  next  cut  oft",  and  the  liquid  carefully  washed  out  and  analysed 
by  means  of  a  weak  solution  of  sulphurous  acid,  the  exact  strength 
of  which  had  been  immediately  before  determined  by  observing  the 
amount  required  to  decolorize  a  solution  containing  a  known 
weight  of  iodine. 

In  some  of  the  experiments  the  solution  of  iodide  of  potassium, 
was  slightly  acidulated,  in  the  others  it  was  neutral.     In  the  latter 
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it  was  nridnlatrd  ])cf()ro  being  analysed.  The  results  were  the 
tame,  whether  the  8t)lution  was  taken  in  the  neutral  or  in  the  acid 
stntc.  For  althou'^h  oxy«xen  gas  nets  upon  an  aeid  solution  of 
iodide  of  jwta-Hsiuni,  the  action  requires  tinu^,  and  the  contaet  in 
this  ease  wai*  onlv  continiUMl  for  a  few  seconds.* 

The  formula  hy  whieh  we  ealculated  the  results  of  these  experi- 
ments may  be  thus  investijjated  : 

Ijct  f,  g  (fij^.  1),  be  the  mean  level  of  the  aeid  in  the  legs  of  the 
siphon  tul)c  ;  d,  e,  the  levels  at  any  time,  /  being  the  temperature, 
and  II  the  barometric  ])ressure  corrected  for  temperature.  Let 
wlio  pe  =  f(i=:T,  and  let  II  be  the  Icngtii  of  a  tube  similar  to  the 
siphon  tul>e,  and  whose  capacity  is  ecjual  to  that  of  the  reservoir 
and  of  the  siphon  tube  to  /.  Let  a  \)c  the  height  of  a  barometer 
containing  tlie  liquid  in  tlie  siphon  tube,  p  the  pressure  of  the  gas 
in  the  vessel,  and  V  the  volume  of  the  gas  reduced  to  0°  C.  and 
7'"»<>  millims. 


Then  cvidentlv, 


But 


hence 


=■■( 


a  / 


V(H-a/) 


aSt 

II  " 

2Bx     2xBa 

a         a' 

< 

1-fa/ 

a 

n(.l4x)(l+^) 

ii  a  constant  quantity.     Taking  the   logarithmic  differential,   we 
have 

Now  —=  —  ift  midtiplicd  by  ^,  a  quantity  rarely  exceeding  ^J^. 
a         II  ^  ^  a 

To  this  degree  of  approximation,  then,  at  least, 

*  Dacmibt  hM  •bjacied  on  thU  ground  to  some  of  the  experiments  in  a  former 
eOHiamiicatioti  mvlc  br  one  of  ui  to  the  Society.     We  have  found  that,  in  the  cir- 

>i  in  '  H  were  performed,  about  onc-tMcnticth  of  the 

doe  1-.  ....n  •«  ''xy^'cn  a^'ting  on   the  oolution  of  iodide  of 

i«a  Mi  fr«e  iUeqi.  .  the  equality  of  the  numbers  given  in  that 

ff€T  coald  not  be  disturtied  by   this   action.     Wc    have,  Hince  that  time,  by  a<ldi- 
rioMala,  fully  eonflnoed  the  sUtement  that  no  water  \b  produced  in  the 
oC«UeiroljUe  osom  by  heat 
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857 


If  V^,  H  ,  :r   represent  for  tlio  auxiliury  vessel  the  quantities  cor- 
responding^ to  V,  11,  X  in  tlie  primary,  we  have,  since  8V  =0, 

If  II  =11,  i.e.  if  tlie  nriinarv  and  anxiliarv  vessels  be  of  siniihir 

/  '  I.  •  » 

diiiicusiuuK,  wc  liuve  at  ouor,  IVom  (1.)  and  (^.), 


sv 


=  S.r-  8 


(3.) 


(t-) 


•'•'(a+l'l)      •     •     •     ■ 
If  tlic  vessels  he  not  similar,  let 

then  instead  of  (3.)  we  have 

V     ^  "\a     n] 

Formula  (3.)  or  (l.)  plves  tlie  clian^e  of  volume  in  the  pas,  as 
deduced  from  tlie  observed  ehanj^e  in  the  levels  iu  tin;  siphon 
tube. 

For  the  estimation  of  the  portion  of  the  {:^as  (S^V)  taken  up  as 
ozone  by  the  solution  of  iodide  of  potassium,  let  ('  be  the  capacity 
of  the  primary  vessel  to  /  in  litres,  s  the  number  of  measures  of 
sulphurous  acid  rcMjuircd  to  decolorize  the  solutioTi  when  washed 
out  of  the  vessel,  S  the  number  reipiired  to  decolorize  1  prm.  of 
iodine.     Then  we  have,  evidently,  as  a  ttuHicicnt  ajjproxiniation, 

15-88 


V        M3G7C> 


(l+a/)760 


If  we   suppose   ozone    to   be    allotropic    oxvfr^'",    with    a    relative 

sv 

density  e:  I,  then  5,V  of  oxygen  contracts  to  -^—  on  being  changed 
into  ozone.     Hence  on  this  hypothesis^ 

5V""e-r 

In  order  to  verify  this  method,  two  similar  vessels  were  filled 
"with  pure  oxygen,  one  containing  a  capsule  filled  with  a  neutral 
solution  of  iodide  of  potassium,  the  other  a  capsule  filled  with  an 
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«,.;,],,in,»..J  solution  of  the  same  salt,  and  of  precisely  tlic  same 
i  ..r  neutral  solution  was  also  introduced  into  the  siphon 
:  .  o(  both  vessels.  After  hreakiuix  the  capsules,  the  levels  were 
nad.  and  the  vessels  set  aside  for  some  days  ;  at  the  end  of  which 
tunc  it  was  found  that  a  portion  of  oxyjjen  gas  had  been  absorbed 
in  the  primary  vessel  which  contained  the  acid  solution,  wliile  no 
I  ,(•  had  (H^curred  in  the  other.  The  levels  were  now  read  aj^ain, 
and  the  solution  in  the  primary  vessel  analyzed. 

The  weight  of  the  oxygen  absorbed,  as  calculated  by  the  forc- 
L  fornndic   from    the  volumetric  change,  was  OOOO'JISS  grm., 

\^  ide  It?*  weight  deduced  from  the  analysis  was  ()()()02181  grm. 
The  close  agreement  between  thes(*  numbers  shows  that  the 
:  usccptible  of  considerable  accuracy. 

1  he  loUowiug  Table  contains  the  results  of  six  experiments 
made  in  the  manner  above  described.  The  primary  and  auxiliary 
^  ^>  were  carefully  constructed  of  similar  dimensions,  and  were 
Ikuuu,  on  trial,  to  work  accurately  together,  so  that  formula  (3.) 
wa>  directly  applicable. 


I. 

II. 

III. 

IV. 

V. 

VI. 

mm 

mm. 

mTM. 

mm. 

mm. 

mm. 

<^_ 

'•'■r. 

—  8-0 

—18-5 

—48-5 

—  51-0 

39-0 

■  t 

180 

—  2-25 

—  6-5 

—  9-75 

—  S  25 

ix. 

4-0 

88-5 

—  0-5 

16-5 

72-6 

650 

" 

—780 

—  2  7.5 

— 

r,o 

—  300 

—27-5 

0-0338 

0*0306 

I:  ■  -.-.o 

00279 

0  0269 

00346 

»1 

6-4 

57 

61 

4-5 

4  5 

IfTTW 

II  nu. 

trrm. 

(rrm. 

«"n. 

^rnn. 

1. 

-  -t 

0-(i'.-  I 

••0442 

'00671 

0-(>.i46 

0-0G21 

8. 

-.-  <j 

47i'a 

30-85 

49-5 
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On  CO:  '       •  experiments  witli  tlie  foregoing,  it  will  be 

obfcrvcfl   that  they   do  not    give   exactly  the  same    result.       In- 
'  as  they  stand,  they   indicat(i  a  density  for  ozone,  if  we 
um;   the  expression,    more  than    infinite,    inasmuch    as    the 
•;ty  of  oxygen   deduced   from   the  analysis  is  less  than    that 
to  the  contraction  observed.      Hut,  although  every 
^  taken  t'^)  avoid  all  sources  of  uncertainty,  it  is  not 
i.iat    this  difference   between   the  amount  of  oxygen 
n  the  contraction  and  from  the  analvsis  mav  arise  from 
..  .iCt  m  "tome  of  the  data,   ])articularly   as   it   would  only 
an  error  of  the  order  of  ^,J,j^t}i  of  the  entire  gas. 
Taking  the  mean  result  of  the  three  series  of  experiments  as 
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they  stand,  it  ?:ivcs,  on  the  allotropic  hypothesis,  almost  exactly  an 
infinite  deiisitv  for  ozone. 

* 

5.  The  eommonly  received  statement,  that  the  whole  of  a  «^iven 
volume  of  dry  oxygen  j<as  eaii  be  converted  into  ozone  hy  tlic 
passage  of  electrical  sparks,  is  erroneous.  In  repeated  trials,*  with 
tubes  of  ditlerent  forms  and  sizes,  we  found  that  not  more  than  one- 
twelfth  of  the  oxygen  coukl,  under  the  most  favourable  circum- 
stances, be  converted  into  ozone,  even  by  the  silent  discharge,  and 
a  nnich  smaller  proportion  by  the  action  of  sparks.  JJut  if  tlie 
ozone  is  removed  as  faf^t  as  it  is  produced,  the  conversion  mav  be 
carried  on  indefinitely.  An  apparatus  was  constructed  of  the  form 
shown  in  fig.  7.     At  a,  h  two  fine  platinum  wires  were  hermetically 

Fig.  7. 


scaled  into  the  glass  ;  at  c  there  was  a  solution  of  iodide  of  potas- 
sium, and  de  was  filled  with  fragments  of  fused  chloride  of  calcium 
which  allowed  the  ozone  to  pass  freely,  but  arrested  the  vapour  of 
the  solution;  so  that  while  the  discharge  always  took  place  in  pure 
and  dry  oxygen,  the  ozone  was  gradually  absorbed.  The  volumetric 
change  was  measured  by  the  readings  of  the  sulphuric  acid  in  tlio 
siphon  tube  fg  sealed  at  g.  The  experiment  was  continued  till 
five-twelfths  of  the  oxygen  (whose  entire  volume  was  about 
12  cub.  cent.)  was  absorbed,  and  the  action  was  still  going  on.  It 
was  not  considered  necessary  to  persevere  further,  as  the  labour  of 
turning  the  machine  was  very  great.  To  produce  the  effect  just 
mentioned,  the  discharge  from  the  machine  in  excellent  order  had 
to  be  passed  through  the  tube  for  twenty-four  hours. 

A^  hen  the  electrical  discharge  is  passed  through  rarefied  oxygen, 
the   phenomena    are    apparently   the    same    as  with   the  gas    at 
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the  common  prrssnro  of  the  atmosphere.  "VVe  filled  a  vessel 
■with  oxygen,  and  exhanstcd  it  till  the  pressnre  was  equal  to 
1  inch  of  mcreury,  in  the  hope  that  in  this  rarefied  state  a  larger 
portion  of  tlic  oxygen  might  be  converted  into  ozone  than  under 
greater  pressures,  but  this  did  not  prove  to  be  the  case.  We 
intend  on  a  future  occasion  to  pursue  this  part  of  the  inquiry,  and 
to  examine  ]iarticularly  the  eflects  of  the  electrical  discharge  on 
oxygen  in  different  states  of  rarefaction  and  condensation. 

()zone,  obtained  by  electrolysis,  gave  results  nearly  similar  to 
tliose  already  described.  As  the  volume  of  the  oxygen  gas  from 
uhich  the  ozone  was  derived  could  not,  in  the  case  of  electrolytic 
ozone,  be  observed  directly,  it  was  estimated  indirectly  by  placing 
three  vessels  in  line,  and  passing  tlie  same  stream  of  electrolytic 
oxygen  tlirough  them  all.  By  heating  the  first  and  last  vessels  to 
300°  C,  and  observing  the  expansion  produced  in  each,  it  was  easy 
to  calculate  the  expansion  which  w^ould  have  occurred  in  the 
middle  vessel,  if  it  had  been  exposed  to  similar  treatment.  This 
expansion  was  assumed  to  be  equal  to  the  contraction  which  occurs 
when  ozone  is  produced  from  oxygen  by  means  of  the  electiloal 
discharge.  Finally,  the  actual  amount  of  ozone  in  the  middle 
vessel  was  determined  by  introducing  a  solution  of  iodide  of  potas- 
sium, and  ascertainin":  bv  analvsis  the  amount  of  iodine  set  free. 
The  individual  experiments  with  electrolytic  ozone  did  not  agree 
so  well  with  one  another  as  those  performed  with  ozone  prepared 
l)y  the  discharge.  This  arose  partly  from  the  very  small  quantity 
of  ozone  in  electrolytic  oxygen,  but  chiefly  from  the  irregularity 
in  that  quantity  at  different  times,  even  when  the  current  was 
pas.sing  very  steadily,  which  made  it  difficult  to  ascertain  with 
certainty  the  expansion  due  to  the  ozone  in  the  middle  vessel. 
Our  earlier  results,  indeed,  gave  a  measurable  volume  for  ozone, 
and  as  a  first  approximation  we  obtained  the  number  4  as  express- 
ing its  density.*  But,  by  multiplying  our  expeiiments,  and  taking 
all  possible  precautions  to  ensure  accuracy,  we  found  that  electro- 
lytic ozone,  like  that  produced  by  the  discharge,  has  no  appreciable 
volume. 

Ozone  is  not  condensed  at  common  pressures  by  the  cold  pro- 
duced by  a  mixture  of  solid  carbonic  acid  and  ether.  A  stream 
of  electrolytic  oxygen,  ])assed  very  slowly,  first  through  a  U-tube 
surrounded  by  snow  and  salt,  and  next  through  a  spiral  tube 
immersed  in  the  carbonic  acid  and  ether  hath  (  — 76°C.),  under- 
went no  change.  The  ozone  reactions,  as  the  gas  issued  from  the 
tube,  after  exposure  to  this  low  temperature,  were  as  strong  as 
before  it  entered  the  bath. 

•  ProceedingB  of  the  Royal  Society,  vol.  viii,  p.  498,  and  vol.  ix,  p.  606. 
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6.  Hydrogen,  prepared  with  care  by  the  action  of  dilute  sulphuric 
acid  recently  boiled  on  zinc,  and  purified  by  passing  through  tliree 
U-tubes  containing  corrosive  sublimate  in  solution,  hydrate  of 
potash,  and  sulphuric  acid,  respectively,  and  finally,  in  order  to 
remove  the  last  trace  of  oxygen,  through  a  tube  filled  with  metallic 
copper  heated  to  redness,  was  found  not  to  be  altered  in  volume, 
either  by  the  sparks  or  by  the  silent  discharge.  It  appears  to  be  a 
much  better  conductor  of  electricity  than  oxygen. 

With  Nitrogen,  prepared  in  the  usual  way  by  depriving  atmo- 
spheric air  of  its  oxygen  by  means  of  heated  copper,  the  results 
were  also  negative. 

Among  the  compound  gases.  Carbonic  Acid  is  rapidly  decom- 
posed by  the  spark,  slowly  by  the  silent  discharge ;  in  both  cases 
expansion  takes  places. 

Cyanogen  is  at  once  decomposed  by  the  spark  with  deposition  of 
carbon  (?) ;  but  presents  so  great  a  resistance  to  the  passage  of 
electricity,  that  the  action  of  the  silent  discharge  could  not  be 
ascertained  with  certainty. 

Protoxide  of  Nitrogen  is  readily  attacked  by  the  spark,  with 
formation  of  hyponitric  acid,  whose  characteristic  red  colour  is 
distinctly  seen.  The  primary  result  of  the  spark  action  is  expan- 
sion, but  on  allowing  the  gas  to  stand,  it  gradually  contracts,  in 
consequence  of  the  absorption  of  the  hyponitric  acid  gas  by  the 
sulphuric  acid  in  the  siphon  tube.  It  is  impossible  to  determine 
the  precise  amount  of  the  first  expansion,  as  a  certain  amount  of 
absorption  occurs  at  the  same  time ;  but,  in  one  imperfect  trial, 
the  ratio  between  the  expansion  and  the  subsequent  contraction 
was  nearly  that  of  1:2.  This  corresponds  to  the  conversion  of 
8  vols,  of  protoxide  of  nitrogen  into  4  vols,  of  hyponitric  acid  gas 
and  6  vols,  of  nitrogen.  The  silent  discharge  appears  to  produce 
the  same  result  as  the  spark,  but  as  the  action  is  slower,  the 
absorption  interferes  with  any  attempt  to  determine  accurately  the 
primary  expansion. 

Deutoocide^of  Nitrogen  presents  the  interesting  example  of  a  com- 
pound gas,  which,  under  the  influence  both  of  the  spark  and 
silent  discharge,  undergoes,  like  oxygen,  a  diminution  of  volume. 
This  is  independent  of  the  subsequent  absorption  of  the  hyponitric 
acid  formed.  This  gas  is  remarkable  for  the  facility  with  which  it 
is  decomposed  by  both  forms  of  discharge.  The  passage  of  sparks 
for  two  minutes,  through  a  tube  containing  about  5  cub.  cent., 
produced  a  contraction  of  the  gas  to  nine-tenths  of  its  original 
volume,  followed  after  some  time  by  a  contraction  not  quite  double 
of  the  former,  from  the  absorption  of  the  hyponitric  acid  gas.  On 
continuing  to  pass  sparks  tiU  the  decomposition  was  finished,  and 
waiting  till  the  hyponitric  acid  gas  was  completely  absorbed,  the 
residue  amounted  to  a  little  more  than  one-fourth  of  the  original 
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gas.  This  residue  consisted  of  a  mixture  of  11  vols,  nitrogen,  and 
1  vol.  oxvixcn.  It  is  evident  that  the  final  result  is  a  little  eom- 
plicated,  but  there  can  be  little  doubt  that  the  action  of  the  spark  is 
to  convert  8  vols,  of  deutoxide  of  nitrogen  into  4  vols,  of  hyponitric 
acid  gas,  and  2  vols,  of  nitrogen.  Tliis  decomposition  may  be  due 
to  the  immediate  action  of  the  discharge ;  or  the  dentoxide  of 
nitrogen  may,  in  the  first  instance,  be  resolved  into  eqnal  volumes 
of  nitrogen  and  oxygen,  the  latter  combining  as  it  is  formed  with 
uudecomposed  deutoxide. 

Carbonic  Oxide  lias  given  results  of  great  interest,  the  investi- 
gation of  which  has  already  occupied  a  considerable  time,  although 
it  is  not  yet  completed.  The  princi})al  facts  have,  however,  been 
already  ascertained,  and  as  they  present  some  remarkable  analogies 
to  those  alreadv  described  in  the  case  of  oxvcren,  we  shall  briefly 
allude  to  them  here,  rcsernng  the  complete  investigation  for  a 
future  communication. 

The  carbonic  oxide  was  prepared  by  heating  oxalic  acid  with  an 
excess  of  sulphuric  acid,  and  absorbing  the  carbonic  acid  by  means 
of  a  strong  solution  of  hydrate  of  potash.  The  gas,  as  it  escaped 
from  the  end  of  the  apparatus,  did  not  produce  the  slightest 
turbidity  in  lime  or  baryta  water,  and  was  completely  absorbed  by 
an  ammoniacal  solution  of  the  snbehloride  of  copper. 

On  exposing  this  gas  to  the  action  of  the  silent  discharge,  a 
steady  contraction  took  place,  and  the  snrface  of  the  positive 
platina  wire  became  covered  with  a  continuous  deposit  of  a  bronze 
colour.  After  some  time,  a  trace,  but  only  a  trace,  of  the  same 
dcix)sit  appeared  at  the  point  of  the  negative  wire.  If,  after  a 
contraction  of  50  millims.  or  60  millims.  of  the  siphon  tube  had 
been  obtained,  a  few  electrical  sparks  were  passed  through  the  gas^ 
the  greater  part  of  the  contraction  was,  as  in  the  ease  of  oxygen, 
destroyed.  Heat  acted  in  the  same  direction,  but  did  not  restore 
the  gas  altogether  to  its  original  volume. 

On  continuing  to  pass  the  silent  discharge,  the  gas  continued  to 
contract,  and  the  deposit  to  increase  on  the  positive,  wire.  Por- 
tions of  the  same  deposit  were  also  scattered  about  the  sides  of 
the  tube,  being  probably  thrown  off  from  the  same  wire.  The 
experiment  was  in  some  cases  continued  till  the  gas  had  contracted 
to  about  one-third  of  its  original  volume.  To  effect  this  contrac- 
tion, the  machine  had  to  be  worked  for  sixty  hours.  The  residual 
gas  consisted  of  carbonic  acid,  oxygen,  and  undecomposed  carbonic 
oxide.  A  similar  deposit  was  obtained  when  the  discharge  took  place 
between  ^old  instead  of  platinum  wires.  This  deposit  appeared  to 
be  soluble  in  water.  Its  quantity  was  so  small  that  direct 
analysis  was  altogether  impossible.  Its  composition  may,  how- 
ever, be  determined  by  fixing  with  precision  the  ratios  of  the 
volumes  of  the  carbonic  acid  and  oxygen  produced.     We  have  sue- 
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ceeded  in  devising  a  method  by  wliich  this  analysis  may  he  effected 
even  with  less  than  0*5  cub.  cent,  of  the  mixed  gases,  but  this  part 
of  the  investiiration  is  still  unfinished. 

Atmospheric  Air  is  the  only  gaseous  mixture  which  we  have 
exposed  to  the  action  of  the  silent  discharge.  Like  pure  oxygen, 
it  undergoes  a  diminution  of  volume ;  but  the  operation  is  more 
quickly  terminated  and  tl)e  contraction  is  less  than  with  that  gas 
alone.  If^  after  the  passage  of  the  discliarge,  tlic  vessel  be  set 
aside  for  some  hours,  the  contraction  will  be  found  to  augment ; 
and  if  the  gaseous  mixture  be  now  again  exposed  to  the  action  of 
the  discharge,  a  further  contraction  will  take  place.  On  the  other 
hand,  heat  destroys  a  portion  only  of  the  contraction  at  first  pro- 
duced. All  these  facts  are  easily  explained  from  the  simultaneous 
formation  of  ozone  and  of  one  of  the  higher  oxides  of  nitrogen,  and 
the  marked  influence  of  the  latter,  when  formed,  in  arresting  the 
formation  of  the  former.  To  the  same  cause  we  have  succeeded 
in  referring  an  apparently  anomalous  state  of  oxygen,  produced  by 
passing  a  stream  of  strong  electrical  sparks  for  some  minutes, 
through  that  gas  containing  a  trace  of  nitrogen.  The  oxygen 
becomes  by  this  treatment  incapable  of  contracting  or  of  changing 
into  ozone  under  the  action  of  the  silent  discharge,  and  only 
recovers  its  usual  condition  by  exposure  to  heat  or  by  standing 
for  some  hours.  If  the  nitrogen  amounts  to  not  more  than  -7,-iytli 
of  the  entire  volume,  this  condition  cannot  be  produced  more  than 
two  or  three  times.  At  first  we  supposed  it  to  be  a  new  (passive) 
state  of  oxygen,  but  we  have  now  no  hesitation  in  referring  it  to 
the  presence  of  a  trace  of  hyponitric  acid  gas  produced  by  the 
electrical  sparks. 

7.  It  is  perhaps  premature  to  attempt  a  positive  explanation  of 
the  facts  now  described  regarding  ozone.  The  foregoing  investi- 
gation into  its  volumetric  relations  has,  for  the  moment,  rather 
increased  than  diminished  the  difficulty  of  determininjj  the  true 
nature  of  that  body.  To  reconcile  the  experimental  results  with 
the  view  that  ozone  is  oxygen  in  an  allotropic  form,  it  is  necessary 
to  assume  that  its  density  immensely  exceeds  that  of  any  known 
gas  or  vapour;  being,  as  we  have  seen,  according  to  the  first  and 
second  series  of  experiments  (§§3  and  4),  from  fifty  to  sixty  times 
that  of  oxygen,  and  according  to  the  third  series  (§  4)  absolutely 
infinite.  Even  the  former  results  would  make  it  only  six  times 
less  dense  than  the  m.etal  lithium,  and  would  place  it  rather  in  the 
class  of  solid  or  liquid  bodies  than  of  gaseous.  The  question  may 
then  be  fairly  proposed, — Can  this  singular  body,  at  common 
temperatures  be  actually  a  solid  or  liquid  substance,  wdiose 
particles,  in  an  extremely  fine  state  of  subdivision,  are  suspended 
in  the  oxygen  with  which  it  is  always  mixed  ?  This  question  will 
scarcely,  we  think,  admit  of  an  affirmative  answer.     Not  only  does 
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ommCj  mixed  n;*  usual  with  oxvirou,  pass  throuj;h  several  IT-tubcs 
coutaiuin^  fraj^nuMits  of  jiuniiee  uioisteiud  with  sulphurie  acid, 
but  it  exhibits  its  charaeteristie  reactions  when  left  for  many 
hours  in  tubes  of  tliis  kind.  Ihsides,  there  is  not  the  slij^litest 
doud  visible  in  a  tube  tilhMl  with  oxvtren,  even  wlien  one-twelfth 
of  the  jxas  has  been  converted  into  ozone,  nor  docs  any  deposit 
apjioar  after  lon^  standino:. 

Ozone  may  be  formed  under  conditions  which  exclude  the  possi- 
bility of  its  containing,  as  a  constituent,  any  element  except 
owiren,  or  the  elements  of  oxvjren,  if  that  bo<lv  should  hereafter 
be  shown  to  be  compound.  As  has  been  before  stated,  our  ex])eri- 
roents  may  be  reconciled  with  the  allotropic  view  and  an  ordinary 
density,  but  still  one  greater  than  that  of  oxyfi^en,  if  we  assume 
that  when  ozone  comes  into  contact  with  such  substances  as  iodine, 
or  solutions  of  iodide  of  ix)tassium,  one  portion  of  it,  retaining  the 
gruteous  form,  is  changed  back  into  common  oxygen,  while  the 
remainder  enters  into  combination  ;  and  that  these  are  so  related 
to  one  another,  that  the  expansion  due  to  the  former  is  exactly 
c^ual  to  the  contraction  arising  from  the  latter.  We  do  not, 
however,  consider  this  supi)osition  to  be  by  any  means  proba])le, 
nor  can  it  l>e  easily  reconciled  with  the  results  (§  3)  obtained 
when  mercury  acts  on  ozone. 

If  we  consider  the  conditions  under  which  ozone  is  formed,  we 
shxill  find  them  to  be  different  from  those  which  produce  allotroj)ic 
modifications  in  other  cases.  Such  elements,  for  example,  as 
phosphorus  or  sulphur,  are  modified  by  the  action  of  heat,  and  not 
by  the  electrical  discharge.  It  is  true,  at  the  same  time,  that  the 
destruction  of  ozone,  or,  on  the  allotropic  view,  its  reconversion 
into  oxygen,  by  exposure  to  a  temperature  of  270°  C,  is  appa- 
rently an:^  IS  to  that  action  of  heat  whereby  common  phos- 
p^    -      is  LuiiMTtcd  into  the  red  variety. 

».  jiiiont  rejecting  the  allotropic  constitution  of  ozone,  although 
th"  '^--ults  of  our  volumetric  experiments  are  certainly  difficult  to 
re.  w...  lie  with  it,  it  mav  not  be  uninstruetivc  to  consider  whether 
the  facts  already  known  admit  of  a  different  explanation.  As 
oznnr  is  formed  from  pure  and  dry  oxygen  by  the  electrical 
d*  7f*.  if  it  is  not  an  allotropic  form  of  oxygen,  the  latter  must 

be  c  a  meelianical  mixture  of  two  or   more  gases,  or  it  must 

be  a  compound  ?a«.  It  is  perhaps  scarcely  necessary  to  consider 
the  former  hy]  is,  according  to  which,  oxygen,  in  its  ordinary 

•tale,  would  be  a  mechanical  mixture,  as  atmospheric  air  is  a 
mixture  of  nitrogen  and  oxygen.  The  contraction,  which  occurs 
whon  the  electrical  discharge  is  passed  through  oxygen,  is  at  first 
tight  indeed  favourable  to  such  a  supposition,  inasmuch  as  the 
combination  of  gases  is  usually  accompanied  either  by  a  diminu- 
tion, or  no  change  of  volume.     But  we  have  not  been  able  to 
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discover,  in  its  otlicr  reactions,  any  facts  which  countenance  tliis 
otherwise  inii)robablc  view  of  the  constitution  of  oxy^^en  ^'as. 

Fiually,  it  remains  to  be  cousidertd,  whether  in  tlie  foruuition 
of  oz(uie,  oxygen  does  not  undergo  a  more  jirofound  molccuhir 
chauge  tlian  is  involved  in  an  allotropic  moditieatiou,  wlicthcr,  in 
sliort,  tliis  supposed  element  may  not  be  actually  decomposed.  If, 
for  the  moment,  wc  confine  our  attention  to  the  phenomena  which 
present  themselves  when  the  electrical  discharge  is  passed  through 
oxygen,  this  attractive  hypothesis  will  be  found  to  furnish  a  simple 
and  plausible  explanation  of  them  all.  It  will  be  observed  at  once 
that  the  conditions  under  which  ozone  is  formed  from  oxygen  by 
the  electrical  discharge,  are  precisely  those  under  which  other  gases, 
known  to  be  compound,  are  decomposed.  The  electrical  current 
is  one  of  verv  hiirh  intensitv,  and  therefore  very  favourable  to 
decomposition  :  when  passed  in  the  form  of  the  silent  discharge, 
a  large  contraction  takes  place  in  the  volume  of  the  gas,  which  is 
partially  destroyed  by  a  few  electrical  sparks,  and  wholly  by  heat. 
With  nitrogen  and  hydrogen  no  similar  eflects  are  observed,  the 
volume  of  these  gases  being  quite  uuaflectcd  by  either  form  of 
discharge. 

The  behaviour  of  carbonic  oxide,  when  exposed  to  the  action  of 
the  silent  and  spark  discharge,  corresponds  remarkably  to  that  of 
oxygen  :  the  latter  form  of  discharge,  while  producing  itself  only  a 
limited  contraction  in  carbonic  oxide,  destroying  a  part  of  the 
contraction  produced  by  the  former.  Again  when  deutoxidc  of 
nitrogen  is  exposed  to  the  action  of  the  same  agents,  an  immediate 
contraction  takes  place  without  any  solid  or  liquid  product  being 
formed,  showing  that  in  certain  cases  of  gaseous  decompositions, 
the  resulting  gases  occupy  a  smaller  volume  than  the  original 
compound. 

If  we  assume  that  oxygen  is  resolved  by  the  electrical  discharge 
into  a  new  compound  (ozone),  containing  the  same  constituents 
as  the  oxygen  itself,  but  in  a  different  proportion,  and  into  one  of 
the  constituents  themselves,  in  the  same  manner  as  carbonic  acid 
is  resolved  into  carbonic  oxide  and  oxvgen,  or  nitric  oxide  into 
hyponitric  acid  and  nitrogen,  the  results  of  our  experiments  will 
admit  of  an  easy  explanation.  One  of  the  simplest  suppositions 
we  can  make  for  this  purpose  is,  that  two  volumes  of  oxygen  con- 
sist of  one  volume  of  U  and  one  volume  of  V,  united  without 
condensation  (U  and  V  being  the  supposed  constituents  of  oxygen), 
and  that  one  volume  of  ozone  consists  of  two  volumes  of  U  and 
one  volume  of  V  :  and  further,  that  by  the  action  of  heat,  iodine, 
&c.,  ozone  is  resolved  into  U  and  oxygen. 

The  appearance  of  ozone  at  the  positive  pole  in  the  electrolysis 
of  water,  and  its  fonnatiou  by  the  agency  of  so  active  a  body  as 
ordinary  phosphorus,  do  not  seem  unfavourable  to  its  being  the 
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result  of  decomposition.  But  the  same  obscnation  will  not  apply- 
to  its  production  bv  tbc  action  of  acids  on  such  bodies  as  the 
l>croxidc  of  barium.  AVe  certainly  should  not  have  expected  to 
see  a  body  derived  from  the  decomposition  of  oxyj^en  produced 
ui:dcr  the  latter  circumstances,  and,  altlrough  the  facts  connected 
with  its  production  in  these  cases  have  not  been  studied  with 
precision,  yet  there  appears  to  be  no  doubt  that  ozone  is  actually 
formed. 

AVe  must  in  conclusion  add,  that  the  few  attempts  we  have  made 
to  isolate  either  of  the  supposed  constituents  of  oxygen  have  failed. 

We  arc  still  continuinji;  i  prosecute  this  inquiry,  and  hope  on  a 
future  occasion  to  lay  before  the  Society  the  results  of  further 
experiments  which  are  now  in  progi'ess. 


Fig.  8. 


Note,  added  Juhj  12,  18G0. 

It  having  been  suggested  that  a  certain 
amount  of  the  contraction  produced  by  the 
passage  of  the  electrical  discharge  through 
tubes  containing  oxygen  might  arise  from  the 
action  on  that  gas  of  the  platinum  wires,  or 
of  finely  divided  platinum,  which,  as  in  Mr. 
Gassiot's  experiment,  might  be  thrown  off 
by  the  action  of  the  discharge,  we  have  made 
the  following  experiment,  in  order  to  ascertain 
whether  such  an  action  could  have  occurred  in 
the  conditions  under  which  we  operated. 
Before  describing  the  experiment,  it  may  be 
proper  to  state,  that  in  the  passage  of  the  dis- 
charge of  the  electrical  machine,  there  is  no 
visible  separation  of  metallic  platinum,  as  in 
that  of  the  discharge  from  the  induction  coil, 
nor  other  evidence  of  the  wires  being  acted  on; 
on  the  contrary,  both  the  wires  and  tube  retain 
their  original  appearance  after  having  been 
frequently  exposed  to  the  alternate  action  of 
the  discharge  and  of  heat. 

A  vessel,  of  the  foim  represented  in  the 
annexed  figure,  was  filled  with  pure  and  dry 
oxygen.  It  differs  from  the  tubes  usually 
employed  only  by  having  the  lower  end  of  the 
reservoir  drawn  out  into  a  capillary  tube  a  b. 
The  platinum  wires  were  inserted  as  usual,  and 
an  auxiliary  vessel  of  the  same  size  and  form 
was  filled  with  dry  air.  After  determining  the 
comparative   range   of  the   two   vessels,   thei'* 
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resen'oirs  were  exposed,  in  the  apparatus  before  described,  to  a 
temperature  300°  C.,  in  order  to  bring;  them  as  exactly  as  possible 
into  the  same  condition.  AAlicn  they  liad  cooled,  the  levels  of  the 
acid  in  the  siphon  tubes  were  again  read,  and  the  silent  discharge 
was  afterwards  passed  through  the  primary  vessel  till  a  contraction 
of  twenty-seven  millims.  was  obtained  in  its  siphon  tube.  The 
extremity  of  the  capillary  tube  of  the  reservoir  was  next  cut  off  at 
a,  and  the  end  of  the  siphon  tube  d,  which  had  the  form  repre- 
sented in  the  figure,  was  dipped  under  sulphuric  acid.  The  open 
end  at  a,  was  now  connected  with  an  apparatus,  which  supplied  a 
slow  stream  of  carefully  dried  air,  and  this  was  allowed  to  pass  till 
the  ozone  and  oxygen  originally  contained  in  the  tube  were 
entirely  displaced  by  the  dry  air.  It  is  obvious  that  by  this 
arrangement  the  ozone  was  removed  while  the  platinum  wires  and 
the  inner  surface  of  the  tube  were  left  in  precisely  the  same  state 
as  after  the  passage  of  the  discharge.  The  tube  was  next 
sealed  off  at  c,  by  the  application  of  the  point  of  a  fine  blowpipe 
flame,  the  current  having  been  arrested,  so  as  to  leave  the 
usual  column  of  sulphuric  acid  in  the  siphon  tube.  In  scaling 
it,  care  was  taken  not  to  allow  the  air  in  e  to  become  heated. 
The  vessel  was  again  placed,  along  with  the  auxiliary,  in  the 
calorimeter,  and  the  levels  read.  The  ends  of  the  siphon  tubes 
having  been  first  sealed,  the  reservoirs  were  exposed  to  300°  C. 
An  expansion  should  have  taken  place  in  the  primary  vessel,  if  the 
platinum  had  retained  oxygen  capable  of  being  disengaged  at  300° 
C, ;  but  this  was  not  fouud  to  be  the  case.  The  change  of  level 
in  its  sulphuric  acid  siphon  (corrected  by  the  auxiliary)  did  not 
amount  to  0*2  millims.,  a  degree  of  accuracy  rarely  attainable  in 
these  experiments. 
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November  1st,  18G0. 
G.  B.  Buckton,  Esq.,  in  the  Chair. 

Rowlandson    Cartmcll,    Esq.,    81,    Iligh-strcct,    Burton-on- 
Trent,  was  elected  a  Fellow  of  the  Society. 

'My.  H.  C.  Sorby  laid  before  the  meeting  several  specimens 
illustrating  the  artificial  production  of  Pseudomorphs. 

The  following  papers  were  read  : — 

"  On  the  discrepancies  in  the  statements  of  Pelouze  and  F.  - 
Mohr,  respecting  the  solubility  of  Gallotannic  acid  in  Ether,"  by 
Professor  Bolley. 

'*On  a  hitherto  unobserved  source  of  Paraffin,"  by  Professor 
Bollev. 

Tlie  following  donations  were  announced  : — 

"  Jahrbuch    der   kaiserlich-koniglichen  geologisehen  Beichsan- 
Btalt  in  AVien,"  No.  4,  for  1859  :   from  the  Institute. 

"  Jahrbuch    der    Central- Anstalt    fiir    Meteorologie    und    Efd- 
magnetismus  in  Wien,"   Band  YI ;   from  the  Institute. 

"  Denkschriftcn  der  kaiserlichen  Akademie  der  Wissenschaften 
in  \Vicn,"  (math.-naturw.  Classe),  Band  xviii. 

"  Sitzungsberichte  derselbcn,"  Band  xxxix,  Hefte  1-5,  und  1-12: 

from  the  Academy. 

"  Sitzungsberichte    der    koniglich-baeyrischen    Akadc 
WiMenschaften,"   (math.-physikalische  Classe)  18G0,  lie 

from  the  Academy. 

"  Bulletin    de  la  Classe   Physico-mathematique   de  V^ 
Imperiale  des  Sciences  de  Saint  Petersbourg,"  Tome  1. 
K>-36:   from  the  Academy.  **! 

"  Memorie    dell'    Academia    delle    Scienze    dell'    Isl 
Bologna,"  Tomi  8,  9,  e  Parti  I,  del  Tomo  10. 
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"  Rcndiconti    dell'    Acadcniia   dollo    Soicnze    dclP    Istituto    di 
Bologna,  1857-58,  c  1858-59  :"  from  the  Academy. 

"  Boletin  de  la  Socicta  dc  Naturalistas  en  Nueva   Granada/' 
1860  :  from  the  Soeiety. 

''  American  Journal  of  Science  and  Arts/'  for   ]May_,  July  and 
September,  18G0:   from  the  Editoi*s. 

"  Journal  of  the  Franklin  Institute,"  June  to  October,  1860  : 
from  the  Institute. 

"  Proceedings  of  the  Academy  of   Natural   Sciences  at  Phil- 
adelphia,''  1860,  Nos.  6-1.2  :  from  the  Academy. 

"  Proceedings  of  the  American  Philosophical  Society/'   1858, 
and  January  to  June,  1859  :   from  the  Society. 

"  Smithsonian    Report,"    for    1858 :    from    the    Smithsonian 
Institution. 

"  First  Geological  Report  of  Arkansas  :"  presented  through  the 
Smithsonian  Institution,  by  the  State  of  Arkansas. 

^^  Canadian    Journal,"    July   to    September,    1860:    from    the 
Canadian  Institute. 

"Memoirs  of  the  Royal  Astronomical  Society,'*  Vol.  XXA^III. 

"  Monthly  Notices  of  the  Royal  Astronomical  Society,"  No.  9, 
for  1860:  from  the  Society. 

"  Quarterly  Journal  of   the   Geological    Society/'   No.  3,  fur 
I860  :  from  the  Society. 

Chemical  News,"  Nos.  29-44 :  from  the  Editor. 
Pharmaceutical  Jom-nal  and  Transactions,"  July  to  October 
I860:  from  the  Editor. 

"  Journal  of  the  Society  of  Arts,"  Nos.  396  to  401,  and  404  to 
413  :  from  the  Society. 

"Journal  of  the  Photographic  Society,"  July  to  October,  1860: 
from  the  Society. 

Literary  Gazette,"  Nos.  105  to  121 :   from  the  Publishers. 
Proceedings   of  the    Literary   and    Pliilosophieal    Society   of 
Liverpool/'  1859-60 :  from  the  Society. 

"On  the  Lines  of  the  Solar  Spectrum,"  by  Sir  David  Brew- 
ster, and  Dr.  J.  H.  Gladstone;  from  the  Authors. 

"On  the  Electric  light  of  Mercury/'  by  Dr.  J.  H.  Gladstone: 
from  the  Author. 
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November  15tli,  1860. 
Professor  Brodiej  Presidontj  in  the  Chair. 

The  following  Gentlemen  were  elected  Fellows  of  the  Society: — 

J.  II.  Player,  Ei^q.j  Oldbury,  near  Birmingham  ;  A.Norman 
Tate,  Esq.,  Runcorn  Gap,  near  Warrington  ;  Francis  Valentine 
Paxton,  Esq.,  B.A.,  Christehureh  Oxford;  George  William 
Brown,  Esq.,  131,  Sanchichall-street,  Glasgow;  Henry  B runner, 
Esq.,   Royal  Institution  Laboratory,    Manchester. 

The  following  papers  were  read  : — 

"  On  the  crystalline  form  of  ^letallic  Chromium/^  by  Professor 
Bollev. 

''  On  the  colouring  matter  of  Persian  Berries/'  by  Professor 
Bollev. 

"  On  the  basic  Carbonates  of  Copper,"  by  Mr.  F.  Field. 

Dr.  Hofmann  made  a  communication  ^^On  the  Separation  of 
the  Volatile  Ethyl-alkaloids." 

The  following  donations  were  announced  : — 

"  Om  Sovandets  Bestanddele  og  deres  Forderling  i  Ilavet,"  by 
G.  Forchhammer:   from  the  Author. 

"  Recherches  sur  les  Rapports  rccipro([ues  dcs  Poids  atomiques/' 
par  J.  S.  Stass:  from  the  Author. 

"  I)u  Raisin  considere  comme  ^ledicament,"  par  J.  C.  Ilcrpin  : 
from  the  Author. 

"  Bulletin  de  la  Classe  Physico-mathematiquc  de  PAcademie 
Imperiale  dea  Sciences  de  Saint  Petersbourg,"  Tome  II,  feuilles 
1-17:   from  the  Academy. 

"  Quarterly  Journal  of  the  Geological  Society,  No.  4/'  for 
18(X):   from  the  Society. 

"Elements  of  Chemistrv,''  bvAVilliam  Allen  Miller,  Part  II, 
"Inorganic  Chemistry:"  from  the  Author. 

"  On  the  Volumetric  Relations  of  Ozone,  and  the  action  of  the 
ctric  Discharge  on  Oxygen  and  other  Gases,"  by  Thomas 
Andrews,  and  P.  G.  Tait:   from  the  Authors. 

"  Chemical  News,"  Nos.  40-49  :   from  the  Editor. 

"Pharmaceutical  Journal  and  Transactions/'  for  November, 
18G0:  from  the  Editor. 
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"Photographic  Journal,"  for  November,  18G0:  from  the  Plioto- 
graphic  Society. 

"Literary  Gazette,"  Nos.  122,  123:  from  the  Piiblisliers. 

"Notices  of  the  Proceedings  of  the  ^leetings  of  the  Membere 
of  the  Royal  Institution,''  185U-G0. 

"  List  of  Members,  Officers,  &c.,  of  tlie  Royal  Institution/' 
1859. 

'^  Additions  to  the  Library  of  the  Royal  Institution,"  from 
July  1859,  to  July  18G0  :   from  the  Royal  Institution. 


December  Gth,  18G0. 

Col.  Philip  Yorke,  Vice-President,  in  the  Chair. 

James  Barratt,  Esq.,  of  Coniston,  Windermere,  Westmorc- 
land,  was  elected  a  Pellow  of  the  Society : — 

A  paper  was  read  : 

"  On  a  new  Lead-salt  corresponding  to  Cobalt-yellow^,"  by  Mr. 
S.  D.  Hayes. 

Dr.  Hofmann  made  a  communication  "  On  the  production  of 
mixed  Amines,  Phosphincs,  and  Arsines." 

The  following  donations  were  announced  : — 

"  Yerhandlungen  der  naturforschenden  Gesellschaft  in  Basel," 
2th  Theil,  4tcr  Heft :    from  the  Society. 

"Journal  of  the  Franklin  Institute,"  for  Noyember  18G0:  from 
the  Institute. 

"Journal   of   the   Society  of  Arts,"   Nos.  4M-119 :   from  the 
Society. 

"  Pharmaceutical   Journal   and   Transactions,"   for   December, 
18G0:   from  the  Society. 

Chemical  News,"  Nos.  50-52  :  from  the  Editor. 
Literary  Gazette,"  Nos.  125-127:  from  the  Publishers. 
On   the   large   Blasts    at   Holyhead,"   by   George    Robert- 
son, Esq. :  from  the  Author. 
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December  20tli,  1860. 
Professor  Brodie,  President,  in  tlie  Chair. 

The  followinjir  were  cleeted  Fellows  of  the  Society  : — 

Rev.  AV.  R.  Bowditch,  Wakefield;  John  L.  W.  Thu- 
dichum,  ]\I.D.j  65,  Sonth  Audley  Street. 

The  following  papers  were  read : — 

"  Contributions  to  the  Knowledge  of  the  Laws  of  Gas-absorp- 
tion," by  Thomas  H.  Sims. 

"  On  Sugar  in  Urine,"  by  Dr.  H.  Bence  Jones. 

''  On  the  Separation  of  Tellurium,  Selenium  and  Sulphur,"  by 
Dr.  Oppenheim. 

"  On  Xitroprusside  of  Sodium,"  by  Dr.  Oppenheim. 

The  following  donations  were  announced  : — 

''  Abhandlungen  der  koniglich-baeyerischen  Akademie  der 
Wissenschaften  (mathematisch-physikalische  Classe),'''  Band  VIII, 
Abtheilung  3. 

'' Sitzungsberichte  derselben,"  1860,  Heft  II.    • 

"Denkrede  an  Alexander  von  Humboldt,  gelesen  in  der  offent- 
lichen  Sitzung  der  koniglich-baeyerischen  Akademie  der  Wissens- 
chaften,"  am  28  Marz,  1860,  von  C.  F.  P.  von  Martins: 

from  the  Royal  Bavarian  Academy  of  Sciences. 

"  Ofversight  af  Kongl.  Vetenskaps-Akademiens  Forhandlingar, 

sextonde  Argangen,"  1859:  from  the  Swedish  Academy  of 
Sciences. 

"  American  Journal  of  Science  and  Art,"  for  November,  1860: 
from  the  Editors. 

''Monthly  Notices  of  the  Royal  Astronomical  Society, 
Vol.  XXI,  No.  1  :  from  the  Society. 

"  Chemical  News,"  Nos.  52-54  :   from  the  Editor. 

''Journal  of  the  Society  of  Arts,"  Nos.  420,  421 :  from  the 
Society. 

"  Photographic  Journal,"  for  December,  1860:  from  the  Photo- 
graphic Society. 

Literary  Gazette,"  Nos.  128,  129:  from  the  Publishers. 
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Acetic  series,  formulae  of  compounds, 
belonging  to,  244,  245. 

Acetoxybenzamate  of  barium,  240. 

of  calcium,  241. 

of  ethyl,  241 . 

of  lead,  241. 

of  potassium,  239. 

of  sodium,  236. 

Acid  acetoxybenzamic,  an  isomer  of  hip- 
puric  acid,  by  G.  C.  Foster,  235. 

acetoxybenzamic,    its    relation  to 

oxybenzamic  acid,  248. 

• amylsulphocarbamic,  61. 

bibromo-succinic,  on,  and  the  arti- 
ficial production  of  tartaric  acid,  by 
W.  H.  PerkinandB.  F.  Duppa,  102. 

biniodacetic,  on,  by  W.  H.  Perkin 

and  B.  F.  Duppa,  1. 

carbonic,    action    of   electric    dis- 


charge on, 

chloromaleic,  10. 


chloromaleic,  lead-salt  of,  11, 

cinnamic,  contribution  towards  the 

history  of,  by  D.  Howard,  135. 

dinitrotoluic,  72. 

— —  gallotannic,  its  solubility  in  ether, 

325. 


—  hippuric,  formulae  of,  247. 

—  hippuric,  on  acetoxybenzamic  acid, 
an  isomer  of,  by  G.  C.  Foster,  235. 

—  hydriodic,  aqueous,  of  constant  boil- 
ing point :  its  composition,  160. 

—  hydrobromic,   aqueous,  of  constant 
boiling  point :   its  composition,  157. 

—  hydrochloric,   aqueous,  of  constant 
boiling  point :   its  composition,  156. 

—  hydrofluoric,  aqueous,   of  constant 
boiling  point  :   its  composition,  162. 

nitric,  aqueous,  of  constant  boiling 


point  :    its  composition,  147 
—  nitric  :   its  action  on  bisulphochlo- 
ride  of  amylene,  45. 

nitric,  loss  of  gold  in  parting  ope- 


rations, from  its  solubility  in,  99. 

—  nitrous,    action  of,   on  nitropheny- 
lene-diamine,  51. 

—  oxybenzamic,  formulae  of,  247. 

—  sulphuric,  aqueous,  of  constant  boil 
ing  point :  its  composition,  154. 


Acid,  tartaric,  action  of  pentachloride  of 

phosphorus  on,  by  W.  H.  Perkin  and 

B.  F.  Duppa,  9. 
tartaric,    on   bibromosuccinic   acid 

and  the  artificial  production  of;  l)y  W. 

H.  Perkin  and  B.  F.  Duppa,  1U2. 
Acids,  aqueous,  of  constant  boilingpoint: 

their  composition,   by  H.  E.  Itoscoe, 

146. 
Adie,  R.,  description  of  an  hermetically 

sealed  barometer,  7. 
Aggregation,    influence    of,    on    circular 

polarisation,  259. 
Air,  on  the  composition  of,  from  Mont- 
Blanc,  by  E.  Frank  land,  22. 
Allyl,  behaviour  of  the  arsines  and  ste- 

bines  with  sulphocyanate  of,  321. 
Allyl-series,  methylated  phosphorus-urea 

of,  324. 
xVllyl,  sulphocyanate  of,  its  action  upon 

triethylphosphine 
Alumina,  carbonate  of,  90. 
Aluminium-ethyl  and  aluminium-methyl, 

180,  194. 
Ammonia,  experimental  illustration   of 

its  composition,  in  lectures,  by  A.  W. 

Hofmann,  77. 

how  to  exhibit  its  inflammability,78. 

on  the  action  of  chloride  of  ethyl 

upon,  by  C.  E.  Groves,  331. 
Ammonio-chrome-compound,    on  a  new, 

by  J.  Mo  r land,  252. 
Amylamine,  action  of  bisulphide  of  car- 
bon upon,  60. 
Amylene,    action   of  nitric  acid  on   the 

bisulphochloride  of,  45. 

action  of  nitroxine  (NO^)  upon,  130. 

binitroxide  of,  46,  130. 

Amylsulpliocarbamate     of     amylammo- 

nium,  61. 
Analysis,  on  chemical,  by  spectrum  ob- 
servations, by  Professors  Kirchhoff 

and  Bun  sen,  270. 
Anniversan'  meeting  of   the   Chemical 

Society,  March  30th,  1860,  165. 
Andrews,  J.,  and  P.  G.  Tait,  on  the 

volumetric  relations  of  ozone,  and  the 

action  of  the  electrical  discharge  on 

oxygen  and  other  gases,  344 
Antimony  and  arsenic,  separation  of,  79. 
detection  of,  by  electrolysis,  20. 
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Antimony  organo-oompounds   of:  their 
formation,  1S6.  1S9. 

their  properties.  209. 

Apparatus  fo/  fractional  distillation  in 
carbonic  acid  gas,  121. 

Arsenic,  detection  of,  bv  electrolysis,  1  i.) 
338. 

Arsenic-compounds, organic:  their  forma- 
tion, 185,  li>0. 

their  properties,  213, 

Arsines  and  stibines.  behaviour  of,  with 
the  sulphocvanates  of  phenyl  and  allyl, 
321. 

Arsines,  not  acted  on  by  disulphide  of 
carbon,  309. 

Assaying,  on  certain  sources  of  loss  of 
precious  metal  in  some  operations  of 
by  G.  W.  Makins,  97. 

Atmosphere,  solar,  chemical  analysis  of, 
2S7. 

Atmospheric  air,  action  of  electric  dis- 
charges on,  363. 

B. 

Balance-sheet  of  the  Chemical  Society, 

1860,171. 
Barium,  acetoxybenzamate  of,  240. 

spectrum  produced  by,  284. 

Barometer,  description  of  an  hermetically 

sealed,  by  R.  Adie,  7. 
Barratt,  James,  on  the  carbonates  of 

alumina,    ferric    oxide    and    chromic 

oxide,  90. 
Baryta,  on  the  crystallised  hydrates  of, 

and  strontia,  by  C.  L.  Bloxam,  48. 
Bases  (phosphorus),  contributions  to  the 

historyof  the,by  A.W.Hofmann,  289 
Baudrimont's  protosulphide  of  carl»on, 

by  Lyon  Playfair,  248. 
Bell,  Jacob,  obituarj-  notice  of,  167. 
Berries,  (Persian),  on  the  colouring  mat- 
ters of,  by  Professor  Bolley,  327. 
Bibromosuccinate  of  potassiuum,  104. 
of  silver,  104. 

of  sodium,  104. 

Bichlorethylene,  chlorosulphidc  of,  40. 
Biniodacetate  of  calcium,  2. 

of  ethyl,  5. 

of  lead,  3. 

of  silver,  4. 

Biniodacet^mide,  6. 

Biniofiide  of  trimethylstibine,  action  of 

zinc-methyl  on,  119. 
Binitroxide  of  amylene,  46,  180. 
Bismuth,  organic  compound.-)  of,  187,  204. 
Bi.striethide,  formation  of,  187. 
Bisulphide   of   carbon,  action  of,   upon 

amylamine,  60. 

of  carbon  in  coal-ga-s,  85. 

Bisulphide  of  chlorine,  its  action  upon 

ethvlene,  36. 


Bisulphochloridc  of  amylene,   action  o 
nitric  acid  on,  45. 

of  ethylene,  37,  134. 

Bloxam,  C.  L.,  on  the  application  of 
electrolysis  to  the  detection  of  poison- 
ous metals  in  mixtures  containing 
organic  matters,  12. 

on  the  crystallised  hydrates  of 

baryta  and  strontia,  48. 

—   on   the    electrolytic  test    for 


arsenic,  and  on  the  presence  of  that 
metal  in  certain  re-agents,  338. 

Bolley,  Professor,  on  the  colouring 
matters  of  Persian  berries,  and  on  cer- 
tain general  relations  of  yellow  vege- 
table dyes,  327. 

on  the  crystalline  form  of  metallic 

chromium,  333. 

on  the  discrepancies  in  the  state- 


ments of  P  e  1 0  u  z  e  and  M  o  h  r,  respect- 
ing the  solubility  of  gallotannic  acid 
ether,  325. 

on  a  hitherto  unobserved  source 


of  paraffin,  329. 

Brittle  metals,  crystalline  forms  of,  334. 

Buckeisen,  F.  and  J.  A.  Wankly  n,  ac- 
tion of  sodium  upon  iodide  of  methyl 
mixed  with  ether,  140. 

Buck  ton,  G.  B.,  on  the  stibethyls  and 
stibmethyls,  115. 

Bunsen  and  KirchhofF,  on  chemical 
analysis  by  spectrum  observations,  270. 


c. 

Cacodyl,  214. 

Cadmium  and  copper,  separation  of,  78. 

organ o-metallic,  compound  of,  199. 

Calcium,  acetoxybenzamate  of,  241. 

biniodacetate  of,  2. 

Cane-sugar,   estimation   of,    by   circular 

polarisation,  266. 
Carbon,  behaviour  of  triethylphosphine 

with  disulphide  of,  304. 
on    Baudrimont's    protosulphide 

of,  by  Lyon  Playfair,  248. 

action  of  bisulphide  of,  upon  amy- 


lamine, 60. 

bisulphide  of,  in  coal  gas,  84. 


Carbonates  of  alumina,  ferric  oxide 
and  chromic  oxide,  by  James  Bar- 
ratt, 90. 

of    copper,  on    the   basic,    by    F. 

Field, 

Carbonic  acid  gas,  apparatus  for  general 
fractional  distillation  in,  121. 

acid,  action  of  electric  discharge  on 


361. 


oxide,  action  of  electric  discharge 


on,  362. 
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Chemical  analysis  by  spectrum  observa- 
tions, by  Professors  Kirchhoff  and 
Bunsen,  270. 

Chemical  Society,  anniversary  meeting 
of,  (March  30,' 1860),  1U5. 

Society,   balance-sheet   of,    (1860), 

17L 

Society:  proceedings  at  its  meetings, 

92,  165,369. 

Chloride  of  ethyl  :  on  its  action  upon 
ammonia,  by  C.  E.  Grove  s,  331. 

■  of  lime,  spontaneous  decomposition 
of,  84. 

of  tetreth3-lstibine,  119. 

Chlorine  :  its  action  on  the  sulphides  of 
ethyl  and  their  derivatives,  45. 

bisulphide  of :  its  action  upon  ethy- 

line,  36. 

Chloroplatinocyanide  of  potassium,  112. 

Chlorosulpliide  of  bichlorethylene,  40. 

of  quadrochloramyl,  44. 

of  terchloramylene,  44. 

Chromic  oxide,  carbonate  of,  90. 

Chromium,  on  the  crystalline  form  of  me- 
tallic, by  Professor  Bolley,  333. 

Chrysorhamnin,  327. 

Circular  polarisation,  on,  by  J.  H.  Glad- 
stone, 254. 

polarisation  as  applied  to  chemical 

inquiries,  266. 

polarisation  :  its  application  to  the 

determination  of  what  is  going  forward 
in  a  solution,  268. 

polarisation  :  its  application  to  the 

estimation  of  organic  products,  266. 
polarisation  :  its  application  to  the 


examination  of  isomeric  substances,  269 
—  polarisation,   influence   of  state  of 
aggregation  on,  259. 

polarisation,  influence  of  chemical 


combination  or  substitution  on,  262. 

•  polarisation,  influence  of  magnetism 
or  electricity  on,  260. 

polarisation,   influence   of  solution 

on,  261. 

■ polarisation,  influence  of  tempera- 
ture on,  260. 

->- —  polarisation,  table  of  substances 
which  exhibit,  256. 

■ polarisation  and   crystalline  form, 

relation  between.  265. 


Coal-gas,  bisulphide  of  carbon  in,  85. 

Cobalt-yellow,  on  a  new  lead-salt,  corre- 
sponding to,  by  S.  D.  Hayes,  335. 

Colouring  matters  of  Persian  berries,  on 
the,  and  on  certain  general  relations 
of  yellow  vegetab'e  dyes,  by  Prof. 
Bolley,  327. 

Combination  (chemical),  or  substitution: 
its  influence  on  circular  polarisation, 
263. 


Compound  radicle,  definition  of,  246. 
Coutriliutions  to  the  history  of  the  phos- 
phorus  bases,   by   A.  W.  Hofmann, 

289. 
Crystalliue  form  of  mefellic  chromium, 

334. 

forms  of  metals,  334. 

form  and  power  of  circular  pcjlarisa- 

tion,  relation  between,  265. 
Cyanates,  behaviour  of  triethylphosphine, 

with,  322. 
Cyanate  of  ethyl  :  its  deportment  with 

ethylate  of  sodium,  70. 
Cyanogen,  action  of  electric  discharge  on, 

361. 

D. 

Decomposition  (spontaneous),  of  chloride 
of  lime,  84. 

Dcutoxide  of  nitrogen,  action  of  electric 
discharge  on,  361. 

Dibromide  of  ethylene,  65. 

Dichloride  of  platinum  and  oxide  of  tri- 
ethyl-phosphine, 

Di-iodide  of  methylene,  63. 

Distillation,  fractional,  in  carbonic  acid 
gas,  apparatus  for,  121. 

Disulphide  of  carbon,  behaviour  of  tri- 
ethylphosphine with. 

Ductile  metals,  crystalline  forms  of,  334. 

Duppa,  B.  F.,  and  W.  H.  Perkin,  on 
the  action  of  pentachloride  of  phos- 
phorus on  tartaric  acid,  9. 

and  W.  H.  Perkin  on  bibromo- 

succinic  acid  and  the  artificial  produc- 
tion of  tartaric  acid,  102. 

and  VV.  H.  Perkin,  on  biniodace- 


tic  acid,  1. 
Dyes    (yellow     vegetable),     on    certain 
general   relations    of,    by   Professor 
Bolley,  327. 

E. 

Electric  discharge,  on  the  action  of,  on 
oxygen  and  other  gases,  by  T.  An- 
drews and  P.  G.  Tait,  344. 

Electricity  or  Magnetism,  influence  of, 
on  circular  polarisation,  260. 

Electrolysis,  detection  of  antimony  by,  20. 

detection  of  arsenic  by,  14,  338. 

on  the  application  of,  to  the  detec- 
tion of  poisonous  metals  in  mixtures 
containing  organic  matters,  by  C.  L. 
Bloxam,  12. 

Ether,  action  of  sodium  upon  iodide  of 
methyl  mixed  with,  by  J.  A.  Wanklyn 
and  P.  Buckeisen,  140. 

solubility  of  gallotannic  acid  in  325. 

Ethyl,  acetoxybenzamate  of,  241. 

on  the  action  of  chloride  of,  on  am- 
monia, by  C.  E.  Groves,  331. 
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Ethjrl,  biniodacetatc  of,  5. 

c>-anat«  of;  its  behaviour  with  tri- 

exhy   '       'line,  322. 
ill ,    .  ...cut  of  cyanatc  of,  with  ethy- 

late  of  sodium,  7v. 
Kthyl  ioiluie  of,  69. 
sulphides  of,  and  their  derivatives, 

acti<.'n  of  chlorine,  on,  45. 
and  ethvlene,  behaviour  of  triethvl- 


phoephinc  with  the  sulphoeyanates  of, 

31S. 
Ethylate     of    80<lium,     deportment    of 

oyanate  of  ethyl  with,  70. 
Ethylene,  action  of  bisulphide  of  chlorine 

upon.  30. 

bisniphochloride  of,  37,  134. 

dibromide  of,  67. 

monobrominated,  motamorpliosis  of, 

6S. 
Ethylene-hexethyl-diphosphonium,  320. 
Ex}>erimenlal  illustration  of  the  composi- 
tion of  ammonia,  in  lectures,  by  A,  W. 

Hofmann,  77. 


F. 


Ferric  oxide,  carbonate  of,  91. 
Flames,  temperatures  of,  273. 
Formulae,  typical,  use  of,  246. 
Foster,  G  C.  on  acetoxybenzamic  acid, 

an  i.'omer  of  hippuric  acid,  235. 
Frankland,  E.,  on  the  composition  of 

air  from  Mont-Blanc,  22. 
on  organo -metallic  bodies, 


/  / 


G, 


Ga«  (coal),  bisulphide  of  carbon  in,  85. 

Gaaes,  on  the  action  of  the  electric  dis- 
charge on  oivgen  and  other,  by  T.  An- 
drews and  P.  G.  Tait, 

Gladstone,  J.  H.,  on  circular  polarisa- 
tion, 254. 

Glucinum-ethyl,  181,  194. 

Glycerin,  on,  by  A.  W.  Hofmann,  70. 

Glycocol,  formulae  of,  247. 

Gold,  loss  of,  in  assaying,  from  volatilisa- 
tion, 98. 

■  loss  of,  in  parting  operations,  from 
its  Bolubility  in  nitric  acid,  99. 

refining  of,  when  alloyed  with  tin 

or  antimony,  so  as  to  render  it  fit  for 
the  purposes  of  coinage,  by  R.  War- 
ington,  31. 

Groves,  C.  E.,  note  on  the  action  of 
chloride  of  ethyl  in  ammonia,  331. 

Gun-cotton,  spontaneous  decomposition 
of,  76. 

Guthrie,  F.,  on  some  derivativee  from 
the  olefines,  35,  129. 


Gutta-percha,  remarks  on  its  changes  un- 
der tropical  influences,  by  A.  W.  Hof- 
mann, 87. 

H. 

Hadow.   E.  A.,  on  the  composition  of 

platinidcyanides,  106. 
Hayes,  S.  D.,  on  a  new  lead-salt,  cor- 
responding to  cobalt-yellow,  335. 
Hofmann,  A.  W.,  contributions  to  the 

history  of  the  phosphorus-bases,  289. 
miscellaneous   observations, 

51. 
Howard,  D.,  contribution  towards  the 

history  of  cinnamic  acid,  135. 
Hydrates,  on  the  crystallised,  of  baryta 

and  strontia,  by  C.  L.  Bloxam,  48. 
Hvdrogen,  action   of  electric  discharge 

on,  361. 

I. 

Idiotypes  and  isotypes,  definition  of,  35. 

Inflammability  of  ammonia,  how  to  ex- 
hibit, 78. 

Isatin,  on,  by  A.  W.  Hofmann,  76. 

Iodide  of  ethyl,  69. 

of  methyl,  action  of  sodium  upon, 

mixed  with  ether;  by  J.  A.  Wanklyn 
and  F.  Buckeisen,  140. 

of  zinc  and  oxide  of  triethylphos- 


phine. 

Isomeric  substances,  examination  of,  by 
circular  polarisation,  269. 

K. 

Kirchhoflf  and  Bunsen,  on  chemical 
analysis  by  spectrum  observations,  270« 

L. 

Lead,  acetoxybenzamate  of,  241. 

biniodacetate  of,  3. 

organo-compounds  of :  their  for- 
mation, 187,  189. 

properties,  205. 

salt  of  chloromaleic  acid,  11. 

on  a  new  lead-salt,  corres- 
ponding to  cobalt-yellow,  by  S.  D. 
Haves,  335. 

Lime,  chloride  of:  its  spontaneous  de- 
composition, 84. 

Lithium,  spectrum  produced  by,  276. 

Long,  C.  E.,  on  crystallised  sodium  and 
potassium,  122. 


M. 


magnesium- 


Magnesium-ethyl       and 

methyl,  180,  193. 
Magnetism  or  electricity,  influence  of,  on 

circular  polarisation,  260. 
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Makins,  G.  H.,  on  certain  sources  of 
loss  of  precious  metal  in  some  opera- 
tions of  assaying,  97. 

Mercaptan,  behaviour  of  triethylphos- 
pliinc  witii,  302. 

Mercury,  orLrano-conipouncls  of;  their 
formation,  ""l  83,  188. 

properties,  207. 

Metals,  crystalline  forms  of,  334. 

discovery  of  a  new  alkali-metal,  by 

Kirch  hoff  and  Bunsen's  method  of 
analysis  by  spectrum  observation,  287. 

on  certain  sources  of  loss  of  precious 

metal  in  some  operations  of  assaying  ; 
by  G.  H.  Makins,  97. 

Methyl,  iodide  of,  action  of  sodium  upon, 
mixed  with  ether,  by  J.  A.  Wankl  yn 
and  F.  Buckeisen,  140. 

Methylated  phosphorus-ureas  of  the 
ethyl  and  phenyl  series,  324. 

Miscellaneous  observations,  by  A.  W. 
Hofmann,  51. 

Methylene,  di-iodide  of,  65. 

Mohr  and  Pelouze:  on  the  discre- 
pancies in  their  statements  respecting 
the  solubility  of  gallotannic  acid  in 
ether,  by  Professor  BoUey,  325. 

Monobrominated  ethylene,  metamor- 
phosis of,  68. 

Mont  Blanc,  on  the  composition  of  air, 
from,  by  E.  Frank  land,  22. 

Morland,  J.,  on  an  ammonio-chrome- 
compound,  248. 

Morley,  Robert  Reginald  Ingham, 
obituary  notice  of,  168. 

N. 

Nitrogen,  action  of  electric  discbarge 
on,  361. 

action  of  electric  discharge  on  pro- 
toxide and  deutoxide  of,  361. 

behaviour  of  triethylphosphine  with 


sulphide  of,  302. 

Nitrophenylene-diamine,    action   of  ni- 
trous acid  on,  51. 

Nitroxinaphthalin,  132. 

NitroxinC;  its  action  upon  amylene,  130. 


0. 


Obituary  notice  of  Jacob  Bell,  167. 
Robert       Reginald      Ingram 


Morley,  169. 

George  Wilson,  162. 


Observations,  miscellaneous ;   by  A.  "W. 
Hofmann,  51. 


Organic  compounds  :  their  constitution, 
231. 

matters,    on    the    application     of 

electrolysis  to  the  detection  of  poison- 
ous metals  in  mixtures  containing, 
by  0.  L.  HI  ox  am,  12. 

Organic  products, quantitative  estimation 
of,  by  circular  polarisation,  266, 

Organo-mctallic  bodies,  on,  by  E. 
Frankland,  177. 

their  constitution  and  theoretical 

importance,  227. 

their  diflerent  stages  of  stability, 

228. 

their  formation,  by  the   action  of 

the  respective  metals  alloyed  with 
pota-ssium  or  sodium,  upon  the  iodides 
of  the  ak-ohol-radicals,  185. 

their  formation  bv  the   action  of 


the  zinc-compounds  of  the  organic 
radicals  upon  the  haloid  compounds 
either  of  the  metals  them.selve.s,  or 
of  their  organic-derivatives,  187. 

—  their  formation  by  the  displace- 
ment of  a  metal  in  an  organo-metallic 
compound  by  another  and  more  posi- 
tive metal,  190. 

—  their  format-on  by  union  of  the 
organic  radical  in  statu  nascenti  with 
the  metal,  178. 

properties  of,  191. 


Organo-compounds  of  antimony  :  their 
formation,  186,  189. 

their  properties,  209. 

of    arsenic ;   their  formation,   185, 

190. 

their  properties,  213. 

of  bismuth  :  their  formation,  187. 

their  properties,  204. 

of  cadmium,  199. 

of  lead  :  their  formation,  187,  189. 

their  properties,  205. 

of  magnesium:  their  formation,  180. 

their  properties,  193. 

of  mercury  :   their  formation,  183, 

188. 

their  properties,  207. 

of  tellurium  :  their  formation,  187. 

their  properties,  225. 

of  tin  :   their  formation,  181. 

their  properties,  199. 

■ of  zinc  :    their  formation,  178. 

their  properties,  194. 

Oxychloride  of  triethylphosphine,  299. 

Ozone,  not  condensed  at  common  pres- 
sures by  the  cold  produced  by  a  mix- 
ture of  cold  carbonic  acid  and  ether. 


360. 


-on  the  volumetric  relations  of,  by 


378 


INDEX, 


Oxide  of  lriothylpho!<|ihine  and  iodide  of 

line.  21*6. 
of  tricthvlphosphinc  and  diohloride 

of  platinum.  '2\fS. 

of  triethylpho.«iphine   not   reduced 

l»y  jMxiiuni.  303. 

Oxygx'n.  and  other  erases,  on  the  action 
of  the  e'.ectric  discharge  on,  Ity  T. 
Andrews  and  P.  G.  Tait,  344. 

OxyjTcn  :  statement  that  the  whole  of  a 
volume  of  dry  oxygen  gat<  can  be  con- 
verted into  07X)ne  by  the  passage  of 
electric  sparks,  erroneous,  369. 

P. 

Paratfin.  on  a  hitherto  unobserved  source 
of,  by  Professor  Bolley,  329. 

Parting  operations,  loss  of  gold  in,  from 
solubility  in  nitric  acid,  99. 

Pelouze  andMohr.  on  the  discrepan- 
cies in  their  statements  respecting  the 
solubility  of  gallotannic  acid  in,  by 
Profes.«or  Bolley,  325. 

Pentachloride  of  phosphorus,  action  of, 
on  tartaric  acid,  by  W.  H.  Perk  in 
nnd  B.  F.  Duppa,  9. 

Perkin,  W.  H.,  and  B.  F.  Duppa. 
Action  of  pentachloride  of  phosphorus 
on  tartaric  acid,  9. 

and  B.  F.  Duppa,  on  bibro- 

ni'         ■  .     ]  and  the  artificial  pro- 

du :    aic  acid,  102. 

and  B.  F.  Duppa,  ou  bini- 

odacetic  acid,  1. 

Perfiian  berries,  on  the  colouring  mat- 
ters of,  by  Professor  Bolley,  327 

Phenyl,  behaviour  of  the  arsines  and 
stibincfl  with  sulphocyanate  of,  321, 

^.xor.'.f,.    of:    its    behaviour    with 

tri  j'hine,  322. 

suiphocyanatc  of :  its  action  upon 

'    '   'io'rj)hine,  3^9. 
1 .. 8,    methylated    phoephoms- 

urcA  of,  324. 
Pbo-  ed  hydrogen  not  acted  upon 

by  ai.-uiphifl'      '"      rbon,  309. 
Pbosphonw,  \>-  '^ride  of,  action  of, 

on  tartaric  acid,  by  W.  H.  Perkin, 

and  B.  F.  Duppa,  9. 
Phoeyiborui*  bases,   contributions   to   the 

hi-nory  of  the,  by  A.  W.  Hofmann, 

259. 

-.:;•  '1,324. 


-iipooition  of, 
and  oxide  of 


Phosphoru.-    r   ; - .  :,. 
Pblmidcyaiiiu-.-,  on  \... 

by  E.  A.  Hadow,  106. 
PlAtinnm,   dichloride   of, 

triethylphosphine,  298. 
Playfair,   Lyon,   on    Baudrimont'g 

protoanlphide  of  carbon,  248. 
Plomb-Msqiuethide,  formation  of,  187. 


Poisonous  metals,  on  the  application  of 
electrolysis  to  the  detection  of,  in 
mi.xtures  containing  orgimic  matters, 
by  C.  L.  Blo.xam,  12. 

Polarisation,  circular.  (See  Circular  po- 
larisation.) 

Potassium,  acetoxybenzamatc  of,  239. 

Pota.ssium,  bibromosuccinate  of,  104. 

chloroplatinocyanide  of,  112. 

on  crystallised  sodium  and  potas- 
sium, by  C.  E.  Long,  122. 
spectrum  produced  by,  278. 


Potassium-ethyl,  formation  of,  190. 

properties,  192. 

Potassium-salt  of  chloromaleic  acid,  10. 
Proceedings    of   the    meetings    of   the 

Chemical  Society,  92,  165,  368. 
Protosulphide   of  carbon,    on   Baudri- 

monts,  by  Lyon  Playfair,  248. 
Protoxide  of  nitrogen,  action  of  electric 

discharge  on,  361. 


Quadrochloramyl,  chlorosulphide  of,  44. 
Queretin,  327.  ' 
Qucrcitrin,  327. 

R. 

Radicle,  compound,  definition  of,  246. 
Ee-agents,  on  the  presence  of  arsenic  in 

certain,  by  C.  L.  Bloxam,  338. 
Refining  of  gold  when  alloyed  with  tin 

or   antimony,  so  as  to    render   it   fit 

for  the   purposes  of   coinage,   by   R. 

Warington,  31. 
Report  of    the   President  and   Council 

(1860),  165. 
Rhamnetin,  327. 
Roscoe,  H.  E.,  on  the  composition  of 

the  aqueous  acids  of  constant  boiling 

point,  146. 
Rotator}'  powers  (optical)  table  of,  258. 

s. 

Silver-salt  of  chloromaleic  acid,  11. 
Silver,  bibromosuccinate  of,  104. 

biniodacetate  of,  4. 

Sodium,  acetoxyljenzamatc  of,  236. 
action  of,  upon   iodide   of  methy 

mixed  with  ether,  by  J.  A.  Wanklyn 

and  F.  Buckeisen,  140. 

Inbroraosuccinate  of,  104. 

deportment    of    cyanate    of    eth 

with  ethylate  of,  70. 

on  cr}'Htalli7X'd  sodium  and  potas- 


sium, by  C.  E.  Long,  122. 
spectrum  produced  by,  275. 


Sodium -ethyl,  formation  of,  191. 

properties,  103. 

Solar  atmosphere,  chemical  analysis  of, 
287. 
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Solutions,  application  of  circular  pola- 
risation to  the  ilotermination  of  what 
is  going  forward  in,  208. 

Solution,  inHucnce  of,  on  circular  polar- 
isation, 2G1. 

Spectrum  of  incandescent  gas,  mode  of 
reversing,  237. 

Spectrum  produced  by  barium,  824. 

by  calcium,  281. 

by  lithium,  276. 

by  potassium,  278. 

by  sodium,  275. 

Spectrum-analysis,  discovery  of  a  new 
alkali-metal,  by,  287. 

Spectrum  observations,  on  chemical  ana- 
lysis by,  by  Professor  KirchhofF 
and  Bunsen,  270. 

Stannic  organo-compounds :  their  for- 
mation, 182. 

their  properties,  200, 

Stannous  ethido  and  methide,  182. 

organo-compounds :  theirformation, 


182. 


their  properties,  200. 


Stibethyls  and  Stibmethyls,  on  the,  by 

G.  B.  Buckton,  115. 
Stibines  and  arsines,  behaviour  of,  with 

the    sulphocyanates    of    phenyl    and 

allyl,  321. 
not  acted  upon  by  disulphide   of 

carbon,  309. 
Strontia,  on  the  crj'Stallised  hydrates  of 

baryta  and,  by  C.  L.  Bloxam,  48. 
Strontium,  spectrum  produced  by,  279. 
Substitution  orchemicalcombination:  its 

influence  on  circular  polarisation,  262. 
Sugar,  estimation  of,  by  circular  polari- 
sation, 266. 
Sulphide  of  nitrogen,  behaviour  of  tri- 

ethylphosphine  with,  302. 
— —  of  terchlorethyl,  41. 
— —   of    triethylphospbine    reduced   by 

sodium,  303. 
Sulphides  of  ethyl  and  their  derivatives, 

action  of  chloride  on  the,  45. 
Sulphocyanate   of   allyl,    its  action    on 

triethylphosphine,  315. 
Sulphocyanates  of  ethyl   and  ethylene, 

behaviour  of  triethvlphosphine  with, 

318. 
Sulphocyanate  of  phenyl :  its  action  upon 

triethylphosphine,  309. 
Sulphocyanates  of  phenyl  and  allyl,  be- 
haviour  of  the    arsines  and  stibines 

with,  321. 
Sulphocyanate  of  triethylphosphonium: 

its  deportment  under  the  influence  of 

heat,  321. 

Sulphur-compounds,    behaviour    of   tri- 
^ 2mL 


Sulphuretted  hydrogen,  behaviour  of 
triethylphosphine  with,  S'll. 

T. 

Tait,  P.O.,  and  T.  Andrews,  on  the 
volumetric  relations  of  ozone  and  the 
action  of  the  electric  discharge  on 
oxygen  and  other  gages,  344. 

Tellurium,  organo-compounds  of;  their 
formation,  187. 

■ their  properties,  225. 

Temperature,  influence  of,  on  circular 
polarisation,  260. 

Temperatures  of  flames,  273. 

Terchloramylene,  chlorosulphidc  of,  44. 

Terchlorethyl,  sulphide  of,  41. 

Tetrethylstibine,  chloride  of,  119. 

oxide  of,  119. 

salts  of,  119. 

Tin,  organo-compounds  of :  theirforma- 
tion, 181. 

their  properties,  199. 

Triethylphosphine,  action  of  sulpho- 
cyanate of  allyl  on,  315. 

action  of  sulphocyanate  of  phenyl 

upon,  309. 

its  behaviour  with  cyanates,  322. 

its  behaviour  with   disulphide    of 

carbon,  304. 

its  behaviour  with  mercaptan,  302. 

its    behaviour    with    sulphide    of 


with    sulphur-com- 


nitrogen,  302. 

—  its    behaviour 
pounds,  300. 

—  its    behaviour    with     the    sulpho- 
cyanates of  ethyl  and  ethylene,  318. 

—  its    behaviour    with  sulphuretted 


hydrogen,  301. 

—  oxide  of,  293. 

—  oxide  of,  and  iodide  of  zinc,  296. 
oxide  of,  and  dichloride  of  platinum. 


298. 


oxychloride  of,  299. 
preparation  of,  290 
reduced  bv  sodium 


from  the  sul- 


phide but  not  from  the  oxide,  303. 
Triethylphosphonium,  sulphocyanate  of, 
its  deportment  under  the  influence  of 
heat,  321. 

TrimethyJphosphine,  323. 
Trimethystibine,  action  of  zinc-methyl 

on  biniodide  of,  119. 
Typical  formulae,  use  of,  246. 


V. 

Vegetable  dyes,  on  certain  general  rela- 
tions    of     yellow,     by     Professor 
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_  _  ^ p--  which   occur  when 

oiTsren,  wmtracted  by  the  electric  dis- 
is    brought    m    contact   with 

y^  as  of  ozone,  on  the, 

bvT.  Andrews  and  P.  0.  Tait,  344, 

m 

w. 

Wanklrn,  T.  A.,  on  zincmethvl,  124. 

and    P.    Bnckeisen,     action     of 

sodium  upon  iodide  of  methvl  mixed 
with  ether,  140. 

Warington.  B.,  on  refining  gold,  when 
alloved  with  tin  or  antimony,  so  as  to 
Tender  it  fit  for  the  purposes  of  coin- 
age, 31. 

Water  (saline)  of  Christian  Mai  ford,  near 
Chippenham,  anaWais  of,  by  A.  W. 
Hofmann,  80. 

Wiiion,  George,  obituary  notice  of. 


X. 


Xanthorhamnin,  817. 

Y. 

Yellow  vegetable  dyes,  on  certain  general 

T' 'ationa  of,  by  Professor  Bolley, 

•J  .1— 

z. 

Zinc,  iodide  of,  and  oxide  of  triethyl- 
phosphine,  296. 

oreano-compounds  of :  their  pro- 
perties and  reactions,  194. 

Zinc-amyl.  formation  of,  180. 

Zinc-etbyl,  formation  of,  178. 

Zinc  methyl,  action  of,  on  biniodide  of 
trimethylstibine,  119. 

on,  by  J.  A.  AVanklyn,  124. 

formation  of,  ISO. 
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